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; S o le o u l& r  a c m rra m g m e m f s ».
' Organic compounds may m le rg o  v a rio u s  .types o f 
. re a c tio n  ^.-'molecules c m  combine o r  c o n d o le  to  y ie ld  -
■ m ® m  complex products-;, o r  break' up to  g ive s i l l e r  ones $
in  & th ird  'type o f  re a c tio n  th e  i n i t i a l  and .f in a l  p rp im eis
■ possess id e n t ic a l  com position m d m olecular w eight, b u t , 
d i f f t r *  'o f te n  very  profoundly* in  s tru c tu re * , -
Examples o f th i s  l a t t e r  type o f behaviour a re  ''
■ th e  conversion o f m aleio acid* a t  i t s  m e ltin g  po in t*  in to  
fnm aric a d d  * and "the well-hnowm conversion, o f m m m w djm  
eyanate in to  ureas in  the  fo ru e r  c a s t  th e  a lte ra tio n , in  
m olecular s tru c tu re  i s  m t  vary  marked* w h ils t  in  the
■ l a t t e r  i t  i s  d eep -sea ted , and gives, r i s e  to  am e n t i r e ly  
d i f f e r e n t  c la s s  o f  corn^rnmMm; t h i s  type o f ch ^ a ica l, 
behaviour i s  c la s s i f ie d  as  lo l tc u la r '
This term  in c lu d es no t onI f  s t r i c t l y  isow eric  
rearrangem ents* ty p if ie d  by tbe .tw #  examples .given* b a t 
•also  rearrangem ents in. which th e  lo s s  o f  a  sm all molecule* 
o ften  water*, accompanies a  profound change i n  m o lecu lar ■ 
structure-*
One o f the  e a r l i e s t  recorded  examples o f
rearrangem ent in  s a tu ra te d  o rg an ic . compounds i s  th e  
pimaeol-pimaooloue conversion  d iscovered  by f i t t i g  almost 
cm# hundred yea rs  ago* • I t s  e s s e n t ia l  fe a tu re  I s  th e
.shifting, o f  ...a..methyl group from one carbon a tm  to  mothers**
(*!«£ —  CMez — > M<23C —  C'Me
■ OH ■>': 'OH- ;- : - ; °
. la  the intervening period a. very large number of 
■parallel r e a r r a n g e m e n ts  ha-?# 'been  d is c o v e r e d  s a d  in v e s t i g a t e d ,  
in  mmm d eta il. la  compounds containing carbon and 
hydrogen' (oai often-o^goa) only, those include the rate&sitre 
range o f . examples grouped under the general t i t l e  o f 
fagnor*4f#trwein and a llied  rearrangements* la  nitrogen^ 
mmtaining organic eoigpomis rtarraagemiuta have been 
observed which art usually associated with the nm m  o f  
Hofmann* Sfoteaim# ldoaonf (Mrtiu% io lm ilt mM Wolff,#.
i l l  these reactions are brought about by the- action  
of strong; acids end# since the migrating group carries an '. 
exeeee of electrons to a centre which i s  deficient in  
electrons t they may bo termed n jo leophiXIo r©arrange sc*1t  a 
aji-I formulated s-
■R R
I N  I
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Other rtarrosgements are tea®  whtoh are the polar 
o p p o s i t e -  o f  th e s e * -  f h e  r e a r r a n g in g  m o le c u l t  l o s e s  s
4V
pooitiveiy charged-ion (usually a/ pro loia) time leaving a 
negatively charged ion - (usually. a eaxba&ioa) in- possession' 
of an nhshared pair of electrons. flat 'migrating group*' 
.instead-0? moving m a nucleophile with i t s  ffeXX octet, w ill  
sh ift  as. an eXeetropMiXe with a sex te t#  ^leaving heh'in# th# 
elootrons ■ o f i t s  o l i  feoBi* e i l  farming m net feemi' fey 
oo-ordinatloh with the' active mshared padr#.' = fho oXeotrona 
l e f t  feehial msy.to&t up a proton (or other nation)* .I l ia  
eXeotrpphiliQ 'roarrsagei&ani nay be formulated t**
R R
(^1— '&)  > A — B
l  ^ mY x Y %
EeXstiveXy few rearrangem.ents o f this, type e re  
known» a n d  w i t h  o n e  e x c e p t  i o n ,  t h e y  h a v e  not f e t m  sxamlnsd 
in  any d eta il, fhe except ion i s  the -Iftvens rsarrangcnent 
of which a particular sxsmpXe is t* .
C-HMefVi CH-MePh
e - T /  Q \
2 i l - > -  M e ^  — CH  > MexN —  CH
B * -  62 .
Careful investigation fey Btovons m l his. oo-wor&ers 
X(J* 0 .3 * f 1930# 2X0?) showed th i s  to  fee* in tram o lecu la r .in
C H M eP h
/  O  
Meisl —  CH —  H
@ I
B-z
c h a ra c te r , a  r e s u l t  confirmed hy Campbell, Houston and- 
Kenyon* :{j*C*f# * I94T |-S 3 )^* .’... f o m d 'th a t  o p t i c a l - . , ' :;-■•■
asymmetry o f the  m ig ra ting  group, i a : com pletely re ta in ed *  ■' 
Hare re c e n t work h j ;B rew ^ter/and 'B im e (J*A*6*i* |:. X |32t 2£*
•3517?) hag r e in io r o e i : t h i s  /view *■showing th a t  o o n fi;|u ra tio n  
m  w ell as o p t ic a l /a c t iv i ty , ,  i s  re ta in ed *
A second case o f  sa tu ra te d  o leo tro p h iX io ■rearrange: 
.s e a t  i s  th a t  u su a lly  known. m  the. f i t t i g  rearrangem ent in
which an  e th e r  i s  converted in to ’ an a lco h o l **■ a  ty p ic a l  
'e^amplt heimg*"
Ph HX/PhCH— O — CHS — *
Me OH
th e  malm aim o f 'th e  p re s  tu t  in v e s tig a tio n  .was to .  
a s c e r ta in  w hether th e  met o f o p t ic a l ly  a c tiv e  eo pounds 
cau l A shed l i g h t  on th e  mechanism of th ia  i i i t  area t in g  ■ 
rearrangement-*.: AcearAAmgly em o p t ic a l ly  a c tiv e  e th e r  o f
s u i ta b le  s t ru c tu re  haa % m n  p repared  ami th e  product o f  • 
i t s  rearrangem ent examined^ ■
,-ffhe ts a o t lr ifr  of ^therOy
■ lm- general* saturated ethers art 'et&ble compounds,
both «hw l© ally  ®a& t i e r  ■> a lly *  now w w f a t . Ifei^i tem pera tu res 
or w ith  s p e c ia l . r e g e n t s  they undergo decomposition* . -for 
■erample* : at- 300-400°. y ie ld s  phenol m M  e th y l e a t ,
and when heated  a t  150° w ith  an aXfeyl m&^&eaium bromide 
g ites  ^hfao^ magae i^usa bromide, m 3 ethune *
Further*, diethyl otter repots r ta i i ly  with ethyl 
solium t f  giro solium. ttfeoxiie,. a!o w iti et^lcne oat 
tth m ti (Scterigim, Jtr* , 1910, 43, 1033} .^
. fh le fesma ittyestiyHtur, in a stories of pajjcx $ 
(®er,» 1923* 5 f , 1?S; lf24* f£* 3.6341 13?6, f f ,  2510)5 
showed that aromatic, alfcyX* -ate m&mi  ether# undergo 
eleaTOg# with sodium at about 180" -  e*§t : .
Elf — O  — No + PKtsla "■Qr—*>. E fO H  + C
Ph “■ O — Ef -f 2. N q
V ^  Fh -  O -  Noi +  EfKoi PhOH+C^Ht -hCx H4
When pteaetole was replaced % ibenayX ethyl. other
fee obtained net .only one of the. expeeted eXearag# produota -■
bmgyi alcohol -- but a quite unforeseen proiuat, 1-  henyl- 
propatiol , : Th±B i s  clearly a product of rearrangement of 
the original eth.tr.*--
furtatr erperfme&ts showed■ that th is  type of 
rearrangement could:be observed la  other.ether#t ■ae 
©utllaed la  the following equations?** '
Ph C H?- 0  ~ E>
PhCHa-0  - Ph
V p£ > choh
^  Ei-OH +- P h  M e  -t-C ^H ^
>7 PP» > CH-OH 
Ph
'h iP hOH .+PhM e ’ v : ■
Ph - CH(oh)-C10H7
PhCH^_ O — C 10My ^  ^C,0P 7 = naphl'h^l^)
PhMe
f i t  benzyl e th e r  o f g ^ re e o l 'u n d e rw e n t m .
w  m m - - .'
analogous rearrangement-*/. In  aa rlc ti c o n t r a s t* th a t  o f  t i e  
1> onagri e th e r  o f  .&~ores©l was o f  th e  Gladsen-*'typo* in s te a d  
o f  the  m ig ra tin g  m m saiuraiei group e n te r in g  the  heavens 
r in g  a t  the  para  position..,, in  t h i s  case th e  bensyX group 
m igrated to  th e  m ethyl group su b s ti tu te d  in  th e  nucleus $ 
Jformal OXuisen type o f rearrange i ta t i
Ma y = \M e
-  O -CH  .C H -.C H X — > C H ^ '.C H ,C H ^ -  /  \ _  OH
Me *_/ h&
Bearraugemeat o f bem&yl ether of o^oreaoli
Se.hdrigin a lso  shewed th a t  m  intervening
methylene group h inders  th e  m igration* fo r  BhOH *0Ho *0#Bi -
yielded only-ethyl fcensene m 4 phenolic  products o f  elearage*
On the o th e r liaixt*-;lh 0H*O*Bi underwent the normal, re a rran g e*
2 .
meat to give tripheayl earhlnol* Ph^O. OH *,
Jh&t the .rearrangement easmot he extended to
tk io * e th tra  was demonstrated when SSehdrigia attempted, to
isomeri^a phenyl hengyl thio-ether rhGH**S*Bi# 'OXsaimgt
H"'
p ro d u c ts . only were obtained*. i.*e* toluene and thldphenoli "
i. heal”
Ph C H S . P h  +  2  N o  -------------- * Ph CH, + Ph 6 H
: 2- hyd. . 3 '
In  ep itt of ’ eeyeral attempted b y 'la te r 'w o rk e rs*  u s in g  lose
drastic experimental conditions {e*g* Hauser* la iiio r* .■ Is
• 6 -Brasea* y*A*0*I*r  1953* Tg* 2S60}.' no rearrangem ent o f a
thio-ether te e  been recorded*
A fu r th e r  in te r e s t in g  observation h ea rin g  m '
the mechanism. o f th i s  re a c tio n  was made by Schlenk & -
7
Bcrgmanm* (Annalen« 1928* 464* .35) *■ '■ '•• ?hey shook ■
Ibenaophenone dim ethyl aoetai,'w ith  ■ eodiua. for lith iu m ) f o r  
th re e  weeks* then added 'e thanol to . th e  resulting .red-violet 
so lu tio n *  Bipheayliaethyl: methanol, separated*. ■fhe - ■ 
reaction was form ulated
SMa confirms tM t mm f i r s t  stop
mh f ti  &  ¥ * 0 & a f  C l
im t r o im o o d  p t a a y l  l i t h i u m  a n d
s o d r r a  m  r e a g e a i s  f o r  "t&  
« a -ty p ica l. rasuXi- ¥ tia g f
P h C H ^ . O . P h  - - U > P h O H + P h x CH , C H x Ph
1 0Wittig and.:lt©teamiL| 1342 f J30* 260}
d lB e m s s e d  t h a  f o r m a t i o n  o f  t r lp ls o n y X  e t ja a a e  f r o m  feoaayX. 
p h m j X ..e th e r m M  show ti t l ia t  1*Mi sa sa  ooaspomi rom iXti 
f r o m  t l i e . i n  t o r  a c t i o n  o f  t> a a g |r l o l i l o r i a t  a M  p k e a y l
1 0 .
PhCH^Cl  + PhLi —  ^ PhCH v. +■ - C ^
Ui' I—i
(i'O PhCH C* +’ ^ L '1 '— * P h C H v +" Li Cl
Cl : V  Ph
. U CL ^CHJV,"
L"0 Ph CHV + ^ C H zPh — » P h C H .  +■ LiCl
^  PW ^ P h
f i t t i f  therefore stomamed ■ that the. ether ree-ete 
£a the saint way at the chloride *. ■ foiiowrt
Li
Li) Ph CH OPh + PhLi------------ -----> ' PhCH ^  ■+ C, H6
v OPh b
' (i'V PhCH C L' + PhLi   ^ PhCH^ U + L'iOPh
OPh ; Ph .
Li PhO
(liiV PhCH ^  + v CH,Ph -----> PhCH + Li O P h
Ph PH
Howevert when he.applied pheayl itt& im  to 
&0&**p&eapiie et»*cra* he eneouatere& m differe&t 'type of 
re&otion.*-- e*f*,
PhCH . O.Mt PhCH (356/o yifiid Q1" 20°)2. n OH
whioli ho euggesteft was Irnt to the: IntramoXeouXar Te&mmgfa 
moat of the jaetaXXatet etherf ■ ' ‘
^  Li . Me.
PhCH C ---- > PhCH^ f
OMe. ■ ^  OU
W ittig pointed out tfe&t an is tsm o le s 'iS w  route in  poisifele* 
She metalX&ied etfeer Weak® up in to  two simpler moleemXes 
which eufeee^ueniXy yeocafeine.
Ph U Ph '  Ph. .Me
\  /  \  u \  /■ c ----> c + \   V c
/  \  /  \  Me /  V .H OMc H H OU
■ He pain ted , out.# how ever*-that th e  fcengaldehyde
liberated' could a lso  react with ereeee p k m f i  li th iu m
p re se n t to- 'g it®  feen&liydrol« t in e a  m  feenshydrol. could fee
d e te c te d , fee fa ro n re i  th e  SatramoXeoMlsr rou te*
W ittig  then  attem pted to  re a rra n g e  difeeueyl e th e r  .
fey th e  use o f phenyl lith ium * and ob tained  th e  product*
1 ,2 -d ip h e n y l-e th a n rL ^ l in 3G$ y ie ld*  ,
However*, fee. fo und -that feeneyl' etferl ether merely .
deccmpoeee in  th e  presence o f phenyl li th iu m  to  giire 
fee&ssyl a lcoho l and' e thy lene * l a  c o n t r a s t , with sodium 
I t  m m t m  , %® ' m %  only decom position .p ro d u c ts  (to luene*
eth an o l and e thy lene) hu t a lso  the  product o f rearraagem eat *.
i t
phenyl e th y l Garfeinol* (S cM rig ln*  l e o .to l t * I »
W ittig  an« la p p e , ( t o a a le a , : 1147, ,J57 ,  SQS}12 , 
make reference■t o .an e a r l i e r  p u b lic a tio n  fey filisafeebh 
IfaagtiB, (Mploita Wheels* tJuirenalty o f Weifeurg, 194? )^  
in  which i t  was estab lish ed ?
(a) th a t  feeEushydryl m ethyl e th e r  undergo#a rearrange**
meat smoothly m  fo llow s j
( b )  th a t  on th e  o th e r toaM* 9 - f lu o ro n jl  m ethyl o ther, 
tm iargoes m sta lX atisa  ra p id ly  • 'to  ,.fciira  a  l i th iu m  itr iv a tiv ©  
■which l a  r e l a t i v e l y s t a b l e  heoausa;.the .w tg iiia l o th er i s  
o u a a t i ta t iy s ly  recovered m . h y d ro ly s is • < Only a f t e r  six ... 
weeks a t  room,  ^ . *««»«■ * * m * : to««
ti l ls  m e ta llise d  e th e r  rea rran g e  in to  O -netliy l-fluD reno l, ■ 
( l a  25$» 50^ y l e l l 9 re s p e c t iv e ly ) .
OMe,
/
\ OMe
/>
\
Me
ou
So oojrfirm. -his su sp ic io n s
.meat i s  p ro p o rtio n a l ■ to  th e  Itgre©  
in v es tig a te s . th e  re a c tio n !
. th e r m i t  o f  rcarrang©** 
io n is a t io n  f W ittig
P h x C C P h z +  2. L i
OPh OPh
Z P h x C —  Li
OPh
-> 2 . P h C . O . L J
«OH
»  ZPb^C.ChH
S t rep laced  lith iu m  in  .tu rn  % f .sodium*. potassium* rubidium  
a a l caesium* stopp ing  th e  re a c tio n  ( a f t e r  a  f ix e d  tim e) hy 
Ia y iro ly s it t and determ ining th e  y ie ld  o f tr ip h e n y l ca rM n o l. 
S t a l  so rep laced  th e  a lk a l i  metal, .in' -th© ''lithium  I t r i v a t i v t  
l y  MigCl and -feO l* • fh n t ho was ah le  to  p la c e  th e  m e ta l l ic
d e riv a tiv e s . I n  the  follow ing' o rder of' ease o f  rearrangem ent*
«*53&QX * H8g0X ^  *L1 >^ **fc ^  'HE. *ltb m *0s*
fhi© corresponds to  the  o rder o f  in c re a se  in
p o la r is a t io n  o f  th e  carbou-m etal bond * f to s*  as th e  tendency
to  ieiiisatX oii in e re a s tS f  th e  r a t#  o f  yearra&geme&t d e c lin e s  *
ait .iiiterostSag result*. . ■,
fhe degree o f io a is a i lo i i  of th e  ©rgano~mct&Xlic,.
bond i s  dependent n o t only on th e  oioo o f  th e  s e i a l  atom*
b u t a lso  m  th e  n a tu re  o f  th e  o rgan ic  group* ^ f t r i m t n t e
1.4 •
b y -W iitig f l o s e r  f 1  X ortns (AmaXon, XMf *. g f e i  I f ^ T  ' * ■ 
wherein the  n a tu re  o f th e  o rgan ic  re s id u e  was varied*  eeemet 
to  strengthen. the  view th a t  th e  r rn m ^ m g m m r%  proceeds v ia  an 
in traB io leeu lar * io n ic  mechanism*. s iro o  the  r e s u l t s  ob ta ined  
could no t be e a s i ly  t^ la im e d  'by b!i# e lta v a g t ami. reoomfeina* 
t io a  p rocess mentioned ahoyt*
Haas;cr..:^ t m t o r  C?*it,e.S, „ IfSl, H ,  1 4 3 ? ) 15 provides 
fu r th e r  w idouoo a g a in s t t h i s  ttaiaehyde*-Qltavagew ro u te  when, 
they  ■ found th a t  b u ty l l i th iu m  re a c ts  w ith  d ibensy l e th e r  to  
g ive bensyl. phenyl m ethanolf b u t no is o la b le  q u a n tity  o f 
butyl'-phenyl m ethanol* furtherm ore* an experiment im which 
feeugaldehyde was allow ed to  r e a c t  w ith  m m ix ture o f  b u ty l 
l ith iu m  a n t  bensyX li th iu m  y ie ld ed  t f u a l  amomtu o f "bensyl .•''. 
phenyl methanol. and b u ty l phenyl methanol*
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Attem pts by C urtin  a n t h im  ce^warfeers' (£*A*Q*M* f 1951» 73*
' fc1 6  ■ '■
&$30t 73* 2S331 1354* 7£* 494) ■ to  c a rry  ©tit cue of. th e se
rearrangem ents under s l i d e r  co n d itio n s met wittoonly: p a r t i a l  
.success*.. :> ?ary  Q & m g lm .m olecules 't r n i . to  fee employed^©ad- , 
decomposition .of,, the. factors and products; ®f rcarraagcacat 
Jfrequeatiy, ensued * ; , . However* a typtosl .cmniplc if ; a  . 
successftil ,reM r«g^ en t# t under/irtlder./conditions fern . , 
hithsrte ..employed ..is.,©s fo llo w e r  . , > /  : ............ . .,
Eh O . C O  . CH- • Ph , Eh O  ,C O  , C COH'5 P h
I ^  I
O , C H  P h l  C. K P h  '
(h ea ted  i n  e thano l w ith HaOSt f o r  1 tou r)*
flue ..rearrangem ent product* e th y l | a f^ fp*“tr ip l ic i^ l )  l a c t a t e
was 0htaine4 \ in ’ 39^ ' together; with 2£$;e f ..the: original 
ether*
1 5 *
the. rearrangement -■ a*m© m e c h a n is m
■ 1 7
'Wittig' k Ol&usnlaer* (Amafoa, ■■■1954* 56,8 > '145) ’■
re fe rred - to  a' suggestion  made’ e a r l i e r  %  Hauser & £ s n io r  
( l o o .c i t  • t l ia t  tli# rearraaagement ‘proceeds 'by the
fo llow ing  mechanism?
c c
fh#y f oi&ted o u t th a t  t h i s  view weald imply th a t  th e  mere
ease o f reasTaagem entu: A ccordingly, 'W ittig  rep ea ted  and
a more' e ff ic ie n t  technique.
■ Wittig*a combined r e su lts :indicated that a decrease 
in  the'.rate of rearrangement resulted from any tendency
to increase’ the net charge on.the m a ia i la fc l  oarhom atom , 
whether hy
(a ) ' increasing the nine of the m etallic atom,
(b) increasing the eleotron-donating power of 
the'organic group, '
or,(e) increasing the d ie lectr ic  constant o f the 
eolrent*
Ionic the organo-met^llia hand, .the greater would he the
eact ended h is ' e a r l ie r 'w o rk 'w ith  ffappe ( io e « o if»)" * u s in g
He7a lso  showed, by a c o lo rim e tr ic  method, th a t  
the r a t#  o f decrease in. co n cen tra tio n  o f ixaroarramged
m e ta llise d  e th e r  cannot fcs o f  m m m A  o rd e r k in a ilc sX lf*  ■' 
M a u s e r  &  K a n t o r ^ s  a t t t o a a ia a f  t h e  f i r s t -  9 ? l w *
does n e t ' ham on ise  w ith the  e th e r  experim erta l resmXiit- 
recorded  ahevt; and i t  th e re fo re  m ast unlikely«
■ On th e h m s is  o f  th e  forego i n g  ^ B m tw 0 M ,& m .$ t i t i i . g  
& .CX&usnl&er suggested t h a t  th e  rearrangmeat f r e o e i i i  
accord ing  to  th e  fo llow ing  scheme f 
g . t e a , l . j a l i
R-Li +■:& ■ r-1 [R.. U...&] 5=^  f£+UB
•. f h i s ' i s  a  fis@aio-imimoXeoaXar; roaotioa in  uh leh  
cleavage o f ■ th e  o rgano-m et^ llio  compound in to  earhaniem 
and m eta l c a tio n  fakes place* ■ fhe  elootren~dQnor 
m olecule t l  ( i* !*  a  so lv en t m e lto a le ) adds cm to  th e  - - 
m etal atom and io n is a t io n  re su lts* ';  2M s suggests  th a t  
th e  g re a te r  th e  e lee tro n -d o n a tin g  p ro p e r tie s  o f  11#
(i#e* the  h i t t e r  th e  d ie l e c t r i c  co n s tan t o f  th s  s o l r e a t)  
th e  fu r th e r  w i l l  th e  p o s it io n  o f # fu iiih riu m  he fo rced  
to  th e  rig h t* '
fkis proposition is confirmed h^ the observation 
that .metsllstion takes place more rtaiilj to pp?iitoe 
( e  *  1 2 * ? }  t h a n  .in. diethyl e t h e r  f #  **, 4 « 3 5 ) *  , ■
■ fh# io n is a t io n  p roosss Estop i |a ) 3  c m  a le#  
proceed in  the  re v e rse  d ire c tio n  Cfrem r ig h t  to  l e f t )  *
1 7 *
Ilia m etal atom i s  returned f . . th e  .electroa-'&oaor molecule*
to- i i s  o r ig in a l5 a t a t i t t  th e  orgaai® residue* t h i s  normal 
reoom hinatioii would-proceed in  hoagyf .methyl .. ether*. fo r  
example^ as .followss~
ehsirttOiedf. the mot®!' atom m ight go to  a  new s c a t  m  
the organ ic  residue especially i t  t h i s  were f a c i l i t a t e d  ■• 
in  some wa^* ' fo r  the.charge os the ca rto n
a to m  w a r#  l i s o i f m t t i  h f  m  m$  e f f e c t s *  - t h e  m e t a l  a to m  
m ight go to' th e '• osqrgon atom **• especially  i f  negative charge 
on. the Q X ^ gm  ato® wars increased  by #1 o r  * f o ffs e ts*
Tbmb for benzyl methyl, ether toe recombination 
step would proceed as follows t-
facomb t nai'ion + :B  Ii Me—0
Howeverf i f  re tu rn  to  i t s  o r ig in a l  seat were
Pk — CH© o=  CH
Me —  O — L.'
f h i s  w il l  ha referred t a a s  ,#aMormal^
recom bination*
$ h is  i s  a  m o d ifica tio n  o f i  (a)* f l i t  eleetsN m -doaating 
e n t i ty '. i s  in te rn a l.' ( th e  OKjgta atom o f t o t  sm s  e th e r  -molecule) 
In s tea d  o f ex te rn a l' (e#g* a  m olecule o f  to t  so lv en t) *
u
/
R aC — OR
u  
© \R C-—OR
2. ©
fhe. step le a d in g  to  .m igraiiom 'of to e  o rgan ic  group 
i s  e i th e r  i ( a )  w ith  aba& raai recombination o r  1(h)*. However, 
i f  co n d itio n s  favourab le  to- ionisation-, ware se t tip* h indrance 
o f ho to. recom bination and in te rn a l  io n is a t io n  would b t  
expected* tons in h ib i t in g  resrran g o m m tf. f h i s  in h ib i t io n  
i s  observed when a  so lv en t o f  h ig h e r dielectric , co n stan t 
i s  used*
Step i l l
' .E ither s te p  1 (a) (w ith  abnormal. recom bination)* o r  
atop 1(b) i s  assumed to  have taken  place* m d too  .
atom to  have acquired, too  oxonium s tru c tu re  i »$*■*.
Q m m q u m t l f  t o t  bond between. to e  oxygen and too m igra to ry  
group (e*g* phenyl) i s  weakened*, a llow ing  th a t  .group to  
move-to to e  carbon atom*
I t  is  further possible that the two steps.1(h) m l 
:ii maj* be • simultaneous i s  whioh eaat t ie  maehaniam eouXd 
ha e^re&sed la t i w  s f  the s^bolle formuiai ■
S als  i s  m  inb rsm oleeu lar rearrangem ent o p era tin g■• W»,Witr ynWXJM IrjW ■.
w ith in  the i i ig h -e le a tro n - ie ra i ty  f i e ld  sm^rpunJimg th e  ■ . 
earbon^esqrgen bond*. fhe f a s t  t h a t  -the m etal xon an ! the-. 
#$ygen atom, a re  mueh. eloser- to g e th e r  than solresat . 
msleemle eould mpfroaoh w i l l  ex p la in  whir th e  Rearrangement 
i s - n o t  eempXetely suppressed b y  th e  s tro n g e s t a v a ila b le  
alaotron^ionm tim g solvent*. , . ,
a e  meehsmiam I s  im portan t because i t  i s .  th e  f i r s t  
example o f  &ueh a  "double in tra m o le c u la re * -sa tu ra te d  
rearrangem ent th a t  ean 'b e  supported by experim ental 
etrlde&ee* .
Li
RC— O
• m .  •
fh® Secfaanisa of Saturated HeayrangementSs
. .In 'h is  booh rt3 trn a tu re  & Mechanism i n  Organic ■
18 "Chei^stry**.: (B@XXt  ^XoMcn, 1953# :Pi>3XX~533}'' JngoXd 
d iscu sses  a la rg e  number o f  s a tu ra te 4 mueleopMo re a rra n g e -  
meats #  ^grouping them a s so r tin g  to  the general. mechanisms
K
, a —  6V < >
T h is  jaechs&iM ® m  be considered  to  proceed by two
steps* t
"su'bstHfution* at the seat of association* As- it'A%) 
and *subatitttti0&,, at _the seat .of disaooiatioai' 1<S)
Bach. of. th ese  s te p s  can proceed by e i th e r  a mimoXeeuXar*■ ** “ ■ >»sj«wnira,ian *
o r a  Mmo le o u la r  p ro c e ss*■ .
the unimoleoular .process'is stepwise'with re sp e c t ;,to the 
timing of the vcomponent oovalcsoy changesf> e*gi.
(-3 + S~l) -* <-H * B® ♦ X®) —» (B-B; + X®)
the blmoXeeular process i s  one in  which th e  component 
covaleuoy changes a re  synchronous t*g i
(-B + B-X) -* (***a,'*,B.,.X)—>{a-B + Xs)
2.1* 9
IngeM; further considers the mechuniam in  t e a  of 
the -motel. ■guot«e&! above*. •
; I t  ho th  ■ ^ e e h e tiim iie a 11- s te p $ a r e .umimoXeeulmr^ then  
i t  i s  lo g ic a l  to- aeeim t th a t  th e  com Xencj ehasges « f & and 
■ e w i l l  take  p lace  eo n seeu tiv e iy  -i&- th a t  o rd e r* .„>, 'Bm h  -mhst : ,;-
: take place without influeneiui :th# others*- aime# one eoiraXeacjr 
e h m g t-e a a n rl take place ■ until. th e  previous $ m  i$  completed 
e*g# were the  group 1 im
(-?. + b^x) —> ( - a >  b® + x9) —> {a-B + x 9 )
to influence the ionisation process
■ '. t : . ’ : b  ■B-*X —~ - 4 X ..
• . . . '  -
then th e  t r a n s i t io n  s t a t e  :t3 rp if |ia g  a  h im oieeu lar p roeess- ■ 
would arise*
However* i f  o n e .o f th e  steps were Mmole a u la r  ■**■ 
e«g* the  *su b s titu tio n *  at-, the s e a t  o f d is so c ia tio n *  Bj thea. 
th e  component cm B ,l% m j"  changes would take p lace  in  th e  
o rd e r a to g e th e r* "followed ,
srtme tm X ®  ®+g<
B
A
Bit mm  a table the r i# ib ^ a a i ion ooiiparM with the I*#- 
hand -  ( i *e * flat g r t n t t r  th e  te&denc, 
moire to the right) the fee ter  w ill b
rtmrrmUjfemtut w ill be .aceeler&t a  re s i
bimoleeular substitution* tghis ia  ©ailed
aooeiera
ftea four types of aaturated rmoXeophilio
rearrea^eaeate earn be dietinguiehed ** (table aa& emao&lea
■ IS  '
* op# e i t » . f t51 i) **-
i
i
? o l e o u l a r i t y  
o f  a m h st itU " -  
t i o n  a t i  
B A
e l e e t r © & f e a m p l t  
( i o n —  ^ io n .)
l i u e f i a  ■ 
: % f t *
i
i m l ■ - m i  -  ♦ a  t h e a  b"** ■ t  ie u  o£MM|t
B e o p e n t y l - »  
¥ e r t *  e m y t  ■
I s i m l
a ' b i  ■ ”  m l  ■ - m 4-' b |
• -■ t u t u  £ c a ia p h e a e  : 1 A e e e l* *
I © r a t e d *
. 3
i -i
. m u i M
" b  *  o-•pisw* v mm--
e s m p lit u e  —> 
i a o b o r n y l  ■
4 b i b i B , 4* £  4* £ 23.0236 6S tab**
l i s t e d
23*
Tim  two io n ic  foams # CO S Oil - eboifo f o r  s h if t .  # i& '
bomb eases * he canon ical' form s;: o f a  reeonarioo liybrii. ,
which Ingold c a l l s  m * a ^ a r to t io  cnxhoBiian. dorn*. and ^h ieh
® m  a lso  I t  w ritten * , ■■ ,
R.
A —— B
■:' © / '
. a  s im ila r  argument in  to m s  of ik#  s o i t i l
R
I '
A    B
^  |%
Y - x  ,-■
t m r  % 'p tt o f s a tu ra te d  o lc o tro p h il ic  rtw rem gsm oat M  
p o s tu la te d  # f2lm  womli he # accord ing
to  f i t t ig * ©  mecksmlsua., m% o f  th e  fo u rth  &$
which. lo th  “su b s titu tio n s*  a r t  Mmol sca lar*
I t  i s  th e re fo r#  im portant^ tr n m m ®  o f  the  
of th i s  m chasairaf to  e rm in e  the  evidence advanced im i t s  
farour- and* i f  poooifcie*. to  sufegtaxitiat# i t  f m tk e r  
experiment*:
24
, of the evidence for the .mechanism.#
X# to# kinetic order of the rasotion was measured 
: h r  eooXerlaetrto method, % -tttU *  * COausnifcer, (iUma:ten,X3 5 4 ,
a ^ XT '
5CC;f X5S? 'I 1 m ln tim  o f the XXtofrn derivative of 
ben shy dry X phenyl ether, 1 m tttrmhjSrofmrs^* was' kept a t
Sim® the Xitoirn earbtooXate i s  colourless* and 
the .metaXXated ether i s  strongly coloured* the ra ta  of 
re a c tio n  was t m m m i M g  to#  d ec lin e  to  t o t a a s i t ^
r a t a  o&anof b -a o f t o t  second order* h a t  th a t  i t  to  
com patible w ith e i th e r  a  u n to , or. pseu&eun i  m olecular 
rat## from to#  data, provided to®#© o onoXusioxib arpear 
convincing*
■ t* - 'to t ra te  of -reaction was com pered-with to t dice 
of ..the m etallic atom W  W s U g  m®. Bappe (lo o to ittffi.and  
repeated © 1  extended by l i f t i g  end ClmusnXser (i c c ,c i t* )^  *
■ .-,© ■
4 0  fo r 4 2  hours# ®& lijdrol/eis wito water* and working up 
noma of to# original ether was.'reeoTered* but a t  leas t 
8 4 ^ of rearranged oarbtosl was obtained*
of colour of the solution# i t  was found, tha t to# reaction.
She method consisted of allowing a standard <po&titr of 
am ether |o*S4 btasjimaeoX dipiiea^X ether) to  react -with 
am tfpimolecmlar of a lk a li metal i the ft©M of
carb lnel was foumi a ft  or a atamfari time*,
She .e^erim eaia, dupUeated i& tee  oariglaaX-fap.«r# 
were repeated'g&d extended im the la tte r  mm* ta t the 
sam# resu lts were eb is ia e l every time*- ■ from. t i§  expert**-- 
mental procedure recorded* the resu lts  ami ceaeleMoae 
appear convincing*'
' 3*. ' aporimamt^ relating  the rate of reaction to
the mature of the ® i|patiii|i group .fears feetm § n m c l  out 
ia itp eM eatijf tjr three. groups of workers* '
t  Aa#, those of t i t t i g *  Poeer# & is re n s  (1oo * e tf*}
^ - .4^o»wt»yiy-.iv iflfw,*.» ijir* fiB>
in  wlitoh a group R migrated to the f  p o sitio n  of m 
itmwmfl. residue.*
She re a c tio n s  were a i l  c a r r ie d  ou t umier m e  Base co n d itio n * *
amd the ra ta  was d e is ra ia e i fey atopping the reac tio n  a t m 
predet&miaed time ami measuring the y ie ld  o f carbine!*.
She groups 1 im m  m&mge i in  order o f  increasing  r a t s  o f 
reac tio n *
A lly! * St&sgfe > ttethyl. m Sthyl > Phenyl*
z $ *
9j$a© au tho rs  ©oaslde^scl IM s to  be a. decreasing  ori.0r o f 
e le c tro n  a t t r a c t io n ,
15' 'h*. those of laassr 4 Kamfor (loc,cit#) * in iMch 
fh# group 1. migrated - to tit# iseflifien# carbon atoia ©f a 
b e m ^ l r s s i t u t i
Q - C H - O - R  —> < ^ ^ >  — CH —  OH
R
fiie groups 1 were arranged  in  ordeir ©j£ r e i a t i f t  ease o f 
isoM erisatian,... l!M,s wbb. measured by stopping tlia reaction 
a f t e r  a  f i ^ e i  time* and com faring felte y ie ld s  ©£ ©arblnol* 
flic-o rd e r te r iT e i  wasi
ttlyi « BaitEyl > > 0l~ >xs© c.ri ^ > ^©nyi** ^  % ’ 3* '' ' •& «4?
2heir ejsperimental. resu lts appear le s s  aatisfaetory thm  
f f i i t is 's  for the following reasons! "benzyl sUvX ©IH^ r
nw i w i w a mi
gave a  mixture o f  e a rM a o ls , whose individual y ie ld s  were 
combined* .
"benzyl sec-tsutyl ether was heated nine times?. longer than 
i t s  two predecessors, sad yet -gave a lower yield.,
benzyl neopaatyl ether mag heated for three times longer 
than atbensyl ether, eai yet yielded no esrb iss l,
Sgagyl .phenyl other yielded so isoiaerie .earbiaol, ©ds
la s t  ether, was placed lower in  the order than benzyl nm
pentyl ether# merely 'because X#©© of i t  was recovered at 
• the mi of the e^srtoe&t .*» a highly. ^ue^tioaable piocciare*
/la aliltto ii*  le a sy l m ethyl ether g a r t  am mmiiemtifiiil. ■ ■' 
product* ami beitgyl e th y l o th e r  a  i e 0 @11po0 iti.om  p ro te c t  •« 
benzyl a lc o h o l> ' mo sv ideaes o f  roi^ramgememt. b'etog , ■ ■ ?
observed to  e i th e r  case* .'■ ' ..
Hauser- M femforVs t r i e r  of reac tiv ity  .therefore-' ■•• 
seams' to mat l i t t l e  to that o f fitifg* .
1 ISJU . -. .those of CurfeiU| leslsowite & Proepe. (io c # o lt»i ■ 
to  which complex ie sy i ethers wore rearranged* However # 
■the products of rearrangement decempoeed under the 
conditions of reaction*' ami-could only he' id en tified  by 
th e i r  decompositioa 'protoets* ’" th e  order o f  ease ' of -. 
a ig m tio m  o f  1. want -
p. rvifrophenni
fhenyl <  " O ’ 50? ^ " o r  V !‘1 < > ® 3 %
? .4&
iimoo th is  order was ohtaiaoi l y  am ind irect m i dubious 
method# i t  cannot he considered seriously mo ©vide cc*
4* the expcrimeats . «  comparative rates of reaction
to  various solvents are im iiroly t u t  .to' l i t t i g  k Bmmm
12 . '( lo o .e l t o) : toe cleavage ami rearrangement o f !i#mspiaa0.il
diphenyl ether by m etalllo lithium was studied to  dioacs&e 
Cuepeasioa.*- tetrahyirofursm solution , m.& in py riiim o  
solution*- . . I f  was t&v&xi that the reaction proceeded more
slowly to. pyridine tliam to  the other two solvents* However*
. 28* "  *
i t . i t  ■itrfiem tt to .Jntiiff a oo^^^ijon  of cemotions earriad 
put .in'«u0p«oaioa. m i in nolM im *  #gpe0iail^ «&*& iMt ■•
o f ; s t u d i e d * ;  ■ : '
S®ala0 up* i3itre£0rtf, 
in  iatroar- 0f 7itfcig## *intrmaele#nisr ionisation* *rt@pr t ( b ) * 
ilxougii a t e o * ^  timn tiiat to r  atep i ( a ) n o t  entirely
tcmyimtto date appear, ititirab le,
 ^ Ti®  im fe^ur; # t  an. inteamolfgnlag-
warp^hgtsNgat* i s  aXao &©t € t£ iu iit* :-' Mm px*wi#nal^fan§i0i| 
yroiuota of tlit boti/aen. tha xnteraediate ,tc$i©n« ' ^
ani th 9 . raagant' (phenyl liitMnm)' wamM fe# fo m ei i f  the '
war# to go b y  an tntem oleoalar Mnt^r (pago i t ) — 
b a t nona hoye '
> liowfTaffi :i s  n tg a fiim  t f i t e e s  i i | f -fiiia
tfiio r tiiea l ooaetpta. are to be aanatrnetfii: i t  ia  desirable 
to iisf# tlit fundamental■ prlmaipiea f ir a ly  basti* .-. .■
A ctive Compound®. in  th e  Sbu.<I v^ ftawnr rjawn^n*
ftaactiom laoliaaism*
' ' ' ' t i  - B k m m  th a t  th e  a^arr»gem e& t o f .an e th e r
to  it®  isom eric earfcinoi W  proceed v ia  the. o rgano -m eta llic  
. compound n a t th e  me&al 'e a rb in o la te  *. i n  m two B % a ^  p roeeesi 
-,g j r 0t,g f h # .s h i f t  :o f  tli#: m etal .atom, w iioh could 
in t tm o lio u lm r  ( io n ic )  o r in tram olecu lar^  (In fo ld*  
s tep #  a & e),
" ’ Secondt fhe s h i f t : o f  th e; organic group *' # iio h ' could 
he intermolectaiar o r 1 introsolaculari '(Ingold# 'step .b).
: ■ fhe sh ift  o f ; the organic group ’ la® mow been in v esti­
gated by using eptts a l t y  a c tiv e  campeuade* ' ■'
. r, : ’
: - -  \  ■ •K
. c — X- 'R-/ . ■ . ■
- V  " i
■ R* .- ■ j  :
fa the molecule shorn* It is  an aaypssaetric ccabon ntom*.- 
i n  general | the method depend® t a  the observation that the 
group X east undergo heterolytie euhetitution ..in either of 
two ways {e*g* -for nueleephilie eubetitutiou) g ’
a* tfatnoleoulari She ¥ o a i '0~ l  iox tisoaf ■ sad flio 
eayboaium io n  a t  r e le a s e d  i s  open, to  a t ta c h  from e i th e r  s id e
by th e  reag en t T* a lth o u # i th e  rearw ard p osition , i s  u su a lly  
preferred*  ^ ' 1
Shu's f i t t e r  i ir r© rs io s .'o r" re te f ii is s  o f  ^© B tigijrstida 
esa ensue* 'a&fr th e ‘met resu lt £0 either fa rtim l. Inversion* 
or partial.-or total* raeeml$atioa«
h* - SiTOleeui&r* She gioao Y’&fpro^c tes th e  
asymmetric osrhen a to % -s a t . m i t r  i t s ' i ^ i u e a e e  tli#  0-^1  
hmid w m k m B  ^while flat J—Y hoad fe rn s  a tou ltaueeoaly*
fwe ro u te s  a r t  fe s s lK te t
© ' \
V +• c  x
K /
9s,
/ .
Y c —  >x — > Y— c ^ + x  / n o r m a l  \
■ f \ \  V rearward /Y * R, Ri
\  R, - R,
. \  , v V
C/  > c ------- Y -t->f f  a b n o rm a l
. K / \ ,  . < / (  M  r id e .
■ C X  RK3 3
ilu ee#  i l l  th e  t r a a e i to r y  interm ediate*. f i t  %mM
i s  form ing m  th e  homtl i s  weakening # th e  asysamctrxo 
umfbm atom. £0 uever detached from a fourth auhetitueut
g ^ m p  (or stem)#
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■ L so i of th eae  #auiee i s  of th e  other* sat in
n ea rly  n il-htaoftenlmr imeleopixlio ■smhsiitmfioa' tlw rearward | 
ro u te  applies*. le ad in g  to  eom pltte Inversion*. f*0»e eza&ple | 
i n  i&e eleehoXysla o f  aoo^o o fy l e h lo r i ie  in, a leetiiX le so liu m _ 
ehhoxi&e]* Irowoyo3*| -^e3?0. rearw ard s u b s t i tu t io n  is-. precluded*. i 
- f o r . a t  t r i o  re a so n s* , then. . sn h s iiitilio m  om th e  f r o s t  a id e  
occurs with, com plete r e te n tio n  of co n fig u ra tio n *
M s  occurs in, th e  ■ re&etion. o f  th io n y l c h lo r i te  w ith  
phenyl .e th y l earMsxol* ■ in  th e  eheenoe of l y r l i i n e i  .■
Ph ^  Pp,
\  , « .  \  V \  \
c — —oh — > . c — -o.so.a  — > c  ) s = o  —» X — ct+so,
H?  * ?  « 7  /
£1- EJ- £p 0 EP
1313f 103« W i  I w a  m l r h illir ^ ,
20 •■1*0*0** 1930*
Beeaaee th in  rem otion proceeds hjr en in te r n a l  
meolianism,, when i t  wonId he 03Jpoetcit hjr comparison -i In
' o th e r  similar-' re a c tio n s  f to, he umimoleoiilar^ i t  i s  msualljf
laeem isa tio ii ®mm®% occur: hy MmeXeenlar eu h e titu tio n *
' in  th e  ..worte o n th e  S itv e a s  rearrangem ent * using  
o p tio a lX j' motive oompouMs # ■ aXready noted * (p * 3 and r e f  * 2) 
i t  was f©uni th a t  t l i# ! fo llow ing  r e a c t io n '( i n  which the;. 
m i^m ting 'l^pneii^ le :tfe ji group was o p t ic a l ly  a c tiv e )  Involved; 
. no. lo s s  ©f . o p t i c a l 'a n t lT i t j*  ' .
Me
CHPh .
/ ■
M«- M —  Ch 3 — h  a0 ,
COPh
OH
Me
I
*CHPb
/
Me N — ■ C0H
X ®  •
(O COPh
M e
*CHPh
V
MevN
M
CH
COPh
'• l a t e r  B rew ster & K lin e , (loo*otf.i« xef , 3) * mhowed..
th a t  th e  m igrating ' group" r e ta in s  i t s  c o n fig u ra tio n  a f t e r  
re a rra n g in g * ’ . " -
Me CHPhI
MexN + SrCHx 
CLDPh
Co
MeCHPh
Me M —  CH.
x ® | J
COPh
CO
MeN
M e d n P h
\
CH
2n ^ .
Ac-OH
MeCHPh
I
CH.
COPh C O P h
C-O CO
Me CM Ph 
CH.
MeCHfW
CH ....
MeCH Ph
Beckman 
— —> ■ 
(sc a g
CH,
COPh
(-0
Mo n  =  C P h ; CONH Ph
hyd
"MeCH Ph
CH-
CO^ H
c-y
th ia m in s , i s  I m m u  f t  tiara  ■ 
f k i  s a m e  o o a f i g u r a i i o n . ;  m  ! | ^ ) ^ p ^ @ t l y i ^ h y t o o c i i m a s d c .
■'■ ■'•; th is m a a s s  t h a t 't h e  earfeo* atom ’in te rs . i i r  ifea same •' 
s i d i 'e f - i tm  asymmetric igromftog a s  the: n itro g e n  atom i m v m  **' 
% ^ fro n t-s id e*  ~ s u b s t i tu t io n  o f  t i e  S ^ i ty p s * - \  felXtwing. 
IngaM *s: m m m d A g f ,  v*e t r a n s i t io n  s t a t e  eortplex -must ha a  
e y n a r te f la  ■« aphonias* ion* (p*23)* which i s  iX io troa ieaX ly  - 
n e n tra ils e i .  hy ."rearraag-em eat♦ - f i l ls  rearrim gm m at' lias 1 eon 
a l l  #&»#»■*., to  > t  d tp e u fe it  on t i e  .presence o f 
hydroxide ions in. a^ itgnS  s o lu t io n * o r a l t o f i l e  i o M i a -
a lc o h o lic  so lu tion#  >;;. furthermore*■.fhompson & Stevens* ■ (X ,c .s*
■ - 2 t '  ":f 55) # '■ found th a t  th e  r a t i  # f  rearrangem ent o f
14*
phe& acgrl^ben^l^dj^^ hydroxide in c re a s e !  w ith
a lk a l i  co n cen tra tio n , ten d in g , w ildrexeoss of a lk a l i |d 'to  a  
.lim it# ,/lM.s : in d ica te s . th a t*  in ..th e  p re se n c e " if  a " 
s u f f ic ie n t  excess o f a l k a l i f the  io n is a t io n  o f th e  ■ 
h y d ro x y l^ itro g e n  a bond i s  m m § lo t# #  f b e i r  c b s e rm iie ii  ,
a lso , support s. th e  assum ption o f re a c tio n  in  two stages#  
as opposed to  a  re a c tio n  iuwolYing anv»int:«rnal iom iaation##
CM Ph
/ — •.
Me Nl " C H— ; CO Pin
Cl
HO 1 -  -H
f l i t  mechanism shows, would n o t be dependent on the
concentration''o f  a l k a l i ' .in th e  s o lu t io n •
. fh@ above re a c tio n  k m  loon  extern!el to  r u lp te a im
compounds fo r'exam ple  th r-fo llo w in g  re a c t io n  was c a r r ie d
'21out by fhompson .and I t f w i i  |##;Q*S*t. 1911# 53)
CH,Ph CH-jPh CHaPh
/  . OH' C/ \
t^ le3  CH —  H ------» M e S ------ CH —-*> M eS  — r-CW
■ ® I j |
COPh COPh CO Ph
' th e re  a r t  'two approaches to  a  pimly of' th e  
rearrangem ent of ethere#  " .
,. ' a*. tgr allow ing  mi o p t ic a l ly  a t  t i r o  g ro ty  to  ; 
m ig ra te  'to a .noa^ae tiim  c e n t r e , . e*g*
X v R  IPh— CH — C _£z
I X
c — u
Ju lay allow ing  a  n o n -a o tire  gronp to  -migrate 
to  on' o p t ic a l ly  a c tiv e  c r  i t r e f o*g* ■
Ph—-C?—  Li - — * Ph — C   £
’ 0 — ft j ^  — LJ'-
- ; . S ince i i l e a ^ y l  e tM r. wao. fo tm i Xy h i t t i f
(Ige^elt)10. to mi&TgQ rearraagemeiit fcy too aetioa of
phenyl li th iO T i i t  was c o n s i ie r e t  prcfbabls th a t  i t s  e th y l 
homologne wonll hehare  s im ila rly* , A ccordingly , th io  
eompomcl hae heen p repared  and to  a s c e r ta in
whether e i th e r  o f th e  fo llo w in g  rea rran g e  cu ts  wcmll tak e  
p lace t..
Ph — * C . H —-  Lt
*
c r 3
In  m ak ing  s u i ta b le  cond itions  fo r  ' ■
rearrangement*.' the e th e r  was allow ed to  s tand  with m. ' ' 
t^miTaXtat. q u a n tity  o f  phenyl lith iu m  in  d i t tk y l  e th e r  
f o r  s ix ty  hours a t  room t  oaf o ra to r#  b e fo re  working up* 
th e  s o lu tio n  tu rned  :dark: r t i  a f t e r  the  a d d itio n  o f  i h f  
phenyl li th iu m , ( in d ic a tin g  m e ta lla tio n )  s ill  t i l l s  co lo u r 
slow ly fad ed t m  would be expected were th e  e th e r  slow ly ■
. rearrang ing*  B m m m +  on working up. th e  m ix ture  ^  hone.
Of th e  d es ire d  rearranged  c a rb in e !  could be iso la te d *
.. f a  c r i e r  to  in c re a se  th e  l ik e lih o o d  of ; . r t i r r s n g ^ i t i i t  
, a  second experim ent was c a r r ie d  o u t i n  which th e  b easy l 
, o th e r  was s i r e d  w ith  m  e ^ u i t a l t a t  o f phenyl li th iu m  in  
. d ie th y l '-e th e r  as  before* len sea e  wus .added* 'and th e  ':
. d ie th y l  e th e r  d i s t i l l e d  off,- She l#a i#n#  s o lu tio n  Was 
hea ted  under r e f lu x  f o r  over 3$ hour# 1 mud ta e a  worked up* 
But again  no c a rb in e !  could he t e t t c t t l * . .
4, new attem pt was male rnsing p o tm m m X M  i n  
b o i l in g  e ther*  . P lb cn sy l e th e r  h a t  already- % & m  rea rran g ed
hy- t l i i & reagent*  f Hauser & Eamtor* ®n -^. ■
ao eo rd iiifly  two p a r a l l e l  -experiment# were c a rr ie d .o u t*  
oa@ 0a d ih e a ^ l - e th e r  # ( to  check th e  p ra c t ic a l ' technique) *■ 
am$ one o m i ts  e th y l  hom eleguei,.. ■ 2He dihemajri e th e r  .... 
su00e s s f u l l | ' . . r 0a r y ^ f 0i l ami son# c a rb in c l was a lso  oMafaecI 
from th e  fceueyl* l^ h e a y lp r o p y l . ether* ,. On r e p e t i t io n  of 
t l i t  l a t t e r  experiment* t* e  y ie ld  o f - ow ’b in o l obtained. was 
-.55$ w ith -re sp ec t to  th e  s t a r t in g  e ther*  ■
. 4 more,. e laborate- iectaiqm # m m  dev ised  fo r  handling  
th e  re a o tio m .m ixture « '@n4 am attem pt was made to  rea rran g e
xth#  benzyl o th e r m  th e  V 20tii m olar soaX#*- 1 «xs wsit
successfu l*- f o r  i r m  iX*l§. g*- o f e th e r *  4*31 g* o f .
•rearranged oarhinol was obtadmel* ■ A nalysis showed that
hath f  motor mA- p roduc t had ..the .ease 0iip ir io a l:  f 0rmmla*
,.....■ fue e th e r  - is  m a rle lly  i i f f e r e m t from th e  e a rb ia e l '
in  p h y sica l p ro p e rtie s?  ■ - the' former, i s  a  moMl# liq u id *
hip*. 109-110°/ * 1*5418f h u t the  l a t t e r  i s  a -very$ . 2-o, ■ ■ .
v iscous .oil*hup# Xt3~12f /  * n 1*56451 which■w# ^ ISIS.e JJ- ■ ■ a
c r y s t a l l i s e s  as  rhombs* (m . p *:; ea 30°) and g iv es  a  phenyl
’ O' •'■!■■ ■   I
u re thane  1X8 ''V~ th e  m altin g  p o in t o f the  u re thane ,
o f  on# o f th e  d la s te re o ls o m e rs o f  1 5 2~diphenyl-butam-*I~oX 
p re p a re d . fey. g e y se r»- |0»r#  * '1934* 199* 1424)21 •
4a the  re a c tio n  con d itio n s had feeem s a t i s f a c t o r i l y  worked 
out* a  sample of ’the o p tic a l ly  a c tiv e  b e n z y l f l-phemylprepyX 
e th e r  was prepared  from, l^ph#ny lp rop^w l»0l f .which had been
resolved v i a :,fhe fu im lila t ,  -and\Stryclmin-o s a l t s ,  of i t s
feydrogou:jhthalate- :to .give the '.(*).-.&&& t* 4 • isomers- ;.'■.;. ; ; ■ ; 
re sp ec tiv e ly # .; T'io benzyl, e th e r  o f  the  -ea rb in o l was 
p rep ared  b y  ■■&/Wtlliimsam reaot$.o*ifi;me before*. :aM  then  > ;;. .■ 
allowed..to..resrv€uige*..• k,;
In  th e  f i r s t ' experim ent *■ benzyl *I^pIi#nylpropyl
■'25° ' : ■ ■' ;n ' ■ :;:; '.,■•■'•'•■'■ether*  " ( ° 0  *75*00 f1 ,1 )* was mixed wxth potassam ide is, 
ether*  [m fl  l e f t  .overnight*  - A - pu rp le  .’co lou r developed, 
mid slow ly faded* giving, way to  a b lack  'suspension. {see " " 
below) which* a f t e r  a b sa t 14 h o u rs , was com pletely
decomposed'fey hydrolysis# ' 'On worktog'’itpr .’the \m aio r p o rtio ii 
o f  th e  . e th e r  was recovered ,. With. ^  |p  +74*50° •* alm ost th e  
aaa# as  before* Only a 't r a c e  o f f i e  omrblaol* i f  any*
was in d ic a te d .o n  f r a c t io n a l . /d i s t i l l a t io n  o f th e  product*
■ ■1  ^ , • : . . . .  ..'•■•
' .•... ..;She\experim ent ’was:re p e a te d , b u t t h i s  time the  .
b la c k - .p re e ip ita te .w a t.h e a te i  in, e th e r  under f e f lu x  f o r
tw e lv e 'h o u rs  b efo re  h y d ro ly sis*  .when 62 / o f  ca rb in o l w ith .
. 0  '
- o^jjp• +37*74°* (1*1) was obtained* ../.f3*e experim ent was , 
rep ea ted ' th ree ' tim esi.-; th e .p e re e n te ^ c -y ie ld s  m i  r c ia io r y  
powers - of-..the ..product' s r e ; tabulated*,,. ;
a*;. i:
Ea.pt* KO. 1 2 3
Sttier tak e s  I 9*19 i»* . 3 *39 g* 10 , m  g*
^ ■ i i A h +75.00° •*66,98° •33.64°; |
*
O ptical. purity*■ ioo;, ■ " 6 & " 47 .# /:: '
f i e ld  o f  ; 
e a r l I n a l  t f»74g, (S2„) 1.696* (5<V) ■ S*16g# ( 5 8 $ )
15° '-■■-■
cfi" Ci#D* +3?*740 .-■i+21.20° ::
“  V'' • 12*30
O ptica l p u rity * * 1QG,J , 5 6 ^
’ ..■......... :
32 ,55s
* hased on.the highest value obtained £$? t  *e ether#
** hased m .  the highest value obtained f o r  t  i t  ca rb in c l*
I t  seems very  probable i l ia f re a r ra i t^ e m ta t  must have 
taken  p lace  during- th e  re ftac im g  s ta g e  s in c e f f& im  t i l e ,  
op o ra tio n  was om itted* th e  y ie ld  o f oarM nol wan extrem ely 
email* end the  .major f a r t  o f th e  e th e r  w m  recovered  
■unchanged* i l l s  observ a tio n  p rov ides firm  suppo rt f o r  
W ittig* a suggestion  th a t  rearrsngem snt Is. preceded by 
m t ta l la i ie m , ' ■ ■ -
fwo s tru c tu re s  are  p o ss ib le  f o r  th i s  p o ta s s io ^ e r iT a tiY e  
o f  th e  etlaer o f  'which ( i i )  i s  til© more 'probuM # sine© the  
ether.-aaa '%% recovered. from i t s  m e ta llise d  d e r iv a tiv e *  
w ith  b u t ^ l i t t l e  lo s s  o f -o p tic a l a c tiv ity *  '■• ■' •
-; Heating ’©X' - tlif  potassium deriva tive  promo tag ■■' 
rearrange sent to' the potassium carMnol&tof
CHxPh, . ^
«4Hnfer*. P h _ C C i i ) — E h — -> p ^ — 4  — Eh A
x
C  C l \ l P h GK
or; £Vv C H — - E h  — * Ph—  C H  E >  &
O -------CH0<0 —Ph ICO—  C.K P h
fho u ex t1 problem I s  to determine whether tlie.product- of 
rearrangem ent possesses - th e 's t ru c tu re  i t  o r  1 *
Eri&ence b ea rin g  on th e  s t ru c tu re  o f th e  jcrediuot o f th e
^n—T n iLmrf .^->itfiiinHii'aDit;mtirrn inprnimr.wiwr ii» n.iwi*h iihii in.ifi in vafriiiiiririir»[rr Timiw^tiTiiti^ r r ir ii^ iritnj'riiWTriTiiWrnTiinfiiw-fiiiirrTtriinr •'niiriTirriiTifl'nirrr--iTirr-i'friir~Vi‘rrr •■" f 1 n r i r r r  - f  
rearrangem ent o f ■(4)~bm%yl m s X p ro g jl o th e r« '
a * . ..AnaXysis . and determ ination. ■ o f e fu iY a lea i < /eirat Of ■
. i t s  ■ hydrogen phth& iio, e s te r ’ -©hows th e  product to ' poos ess 
■; th e  em pirical, f  c r a n ia '. 0 . JI, .0 * ;
■ m  i s  . ’ ..
b*. .Shat th e  product i s  a ,a&rbi&ol m&. proved by p rep arin g
- two ’ iir iY a tiY e a  ■• o f ■ the., correspond in s  raeem ie m a te r ia l *
. •• •the phenyl u re thane  and th e  hydrogen p h th a lic  a s t i r* .
■ th e  form er has a  m elting  p o in t id e n t ic a l  . t o .. th a t  o f
: th e  . phenyl . nrethaae o f .li^ d ip h e n y lh u ta n ^ l^ o l. p-.opa-.od 
■ by& m ysir* • {lo q u o ltu ) t • w h ils t  th e  l a t t e r  has m  
eqiiiY aleat w eight whivh ag rees w ith  th e  p o s tu la te d
■molecular formula* C II o *
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£*. I t  .remained; t o . a s c e r ta in  w hether th e  p ro in o f  is . a  
eeeoM&ry o r  ; a  t e r t i a r y  'e a rM n tl«  .4 mmiaXX am antity  
of th e  l&aetiY# substance was e a s i ly  .-oridised by 
chromium tr io x iie .  in  g la c ia l  a c e t ic  m M  to  f i r #  a '
. ketone whose m elting  p o i s t ,5S »was identical..;w ith, th a t  
giYon fo r  l^pheny lhu ty ro rh rnonef ■ Ph*Orl#(lt) •O?0 *Hu 
(K eyer, Oelkers* g » * t 1803, a ,  1299)23* ,3M a i s  
d e f in i te  evidence in  fmYour.of tn e  secondary carb ine  1 
s tru e fu r  e 5; s inee  th e  t e r t i a r y . -carM nol ■ s t ru c tu re  would 
feaYC y ie ld e d  deg radation  p roducts such ms propiophenonef 
= o r hens 11. (m*p* 95^}*
42*.
I* fh s  d iffe re n c e s  between -these two p o s td a te d  ;e tyuetu res 
. at. ’one# suggested a  ready, means, o f  l ia ttm g a ia M a f 
;. ;.'bttw#sa\ them.*...■ ■
f i r s t *  th e  t e r t i a r j '  c leo h o l would r e a c t  ra p id ly  when 
shaken w ith  co ld  concen tra ted  hyd ro ch lo ric  ac id  a n t th e  
■ ■ r e s u l ta n t  ch lo ride*  m h m  M h® km  in  turn. witfet aqueous ' 
aifeali*  would •'regenerate the  o rig in a l. alcohol. in . a- 
,. h ig h ly  **■ i f  n o t com pletely -* raoem ised co n d itio n  
' (probably  accompanied b y .su  un atw rated  kjlrocarhon}'* . 
Second t th e  secondary a lco h o l aXthouiJi i t  would s im ila r ly ' 
r e a c t  with. hyd roch lo ric  molt **■ a lb e i t  s o re  slow ly « ■ 
.would 1>c u n lik e ly  to  B u t t e r  any X o m  o f o p t i c a l . a c t iv i ty  
- m  a  r e s u l t  o f s im ila r  a c id - a lk a l i  treatm ent*  s ine#
. the  .reac tiv e  bydrosy i group. I s  n o t d i r e c t ly  a ttach e d  
to  th e  o rig in a l, mamas t r i o  carbon atom*
I t  l s i §  t$  noticed f however*. that M th is  
./.secondary a lcoho l th e re  has % sen gen c ra te !  a  new ,.
, asymmetric; ce n tre  to  which, th e  kydreaqrX group i s  l i-a e tX y  
,. ' a t ta c h e d i i f  the, form ation ' # f  th i s  ntw a s y m e tr io  c e n tra  
has oeen a ttended  by - m/ degree o f asymmetric sy n th e s is  
/.., 'then. c le a r ly  any co n trih n tio n m ad e  to ' 'the to ta l ;  o p t ic a l  
a c t iv i ty  o f  th e  m olecule by th is ' new c e n tre  would be** 
perhaps -not very  ra p id ly  ** destroyed  by th e  m c if -a lh a li  
treatm ent*  '$& th e  o th e r hand# th e  o p t ic a l  a c t iv i ty  
. c o n tr ib u te d  by th e  o r ig in a l  a s y m e tr ie  c e n tre  should  be . 
immune* Accordingly some lo s s  {but n o t  d e s tru c tio n )  o f
optical a c tiv ity  i s  to be expected i f  ..the secondary 
eleehoX 'poesessee-the 'p o s tu la ted  s t r u c tu r e  mad i f  i t s  . 
f&matioa has b tta . attended by; a s im str ie  ■ synthesis*
1 Ixptrim am ts support. th s v lc w  '.that th e  n s r ? i a g s -
BSiaf of the original..: ether to the secondary aXeohol hm 
beem •-.accompanied by asymmetric s rn t  »e&ls t a id  i n i e t l  to  
a remarkably hi^h extent*
44*
tesuX ts o f th e  B iieeesslvetreB tm ents fdfIi_ow e:s n t r a te I  ■ 
hydroch lo ric  acid  o f V  e a lco h o l ob ta ined  ^^rearrangem ent.
.>[[i i^ [rnrr^ iitTWi|i:y'w*ii!r«Mn'i<Wi,Miifi tii('fT» ofr-m»iiiiwmnrMii>iir!Hi"n» i «n;i t/frnunr'fiirf-rirn1- '-i -■r»--nT-“Tti'.''.-"'T-piir iY^— iq-mwr-mr i n i 1 r> rirrri*‘V - t ’- t i  --irr •' i i t*     y m • ..mi hm m»
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.MX th e  v a lues  **« f w  <1 ,1  >V w *  v a lw *  o f ■ ■
^  ■wero o b ta in e d - t o  c a rto n  hiami,phMo' 
f hM. v a lu es  la b e l le d  :|:ca* were taken on to o  homogeneous ■.twam-ww • • - ■ '***
m a te r ia l | h u t a l t  read in g  could n o t ha taken  to e a n a t
too  l iq u id  was supercooled and tended; to  c r y s ta l l i s e *
♦ T h in  p ro te c t  was sep a ra ted  in to  two o ry s ta l l to o  
■ fra c tio n s?
-O, a t  ,m*p*'f9~9S , r to s to * ; c r y s ta l l i s in g  from.. X IJ i t  
' .petroleum*.
h i ia,p» 41-42. t g la s sy  p la te s ,  r e a d i ly  so lu b le  .In  
■■'.■cold Xi^Iat petroleum*
flies a were perhaps to e  two 
the p-artially^raoemissd m aterial4 "...
t o \
H Ph . . OH
H PT El-
\ \ X
C
/ !  \
HO Ph, H
- f h i s  s l ig h t ly  lower v a lu e  .Ib r .the s p e c if ic  r o ta t io n  
which would have been 'expected  to  be th e  same ms th e  
proceeding one .(*27*1^) i s  p o ss ib ly  due to  th e  presence 
o f  a w hite c r y s ta l l in e  su h s ta a o e ,■whioh was only s l i g h t ly
so lu b le  in  earboa b isu lph ide*  and which was suspected*
, :  ' 0* ;by i t s  m e ltin g  p o in t (123-4 } .to  he th e  dehydration  . 
proim et* t th y lv s t i lh ta t#
%t w tll.be mm% t h a t  th e  e p e e if ie  r o ta t io a  of- 
the  rean*eagememt product in  . carbon . M su lp h M # ; f  a l l t  to  
a  minimum value o f about * 2 1 , un influenced by f a r th e r  
trea tm ents . t h i s  r e s u l t  suppertrs the  .s tru c tu re  o f ;<
PhCH (EPy, b  '■'■ •
i
■ , PhCH.OM ■ ■' '■■'
fo r  th e  product* "■■ ... —;'.h
o* f u r t h e r . evidence ,iii ..favour ''of ■ th e  - above view cam
be ..obtained .from a  study; o f  the  .ro ta to ry  -d ispersions o f 
th ese , © ubst^ices# o f  th e  '( ^ ) - e th e r  was
allowed to  rearram gt and th e 're s u it lu ®  ■ b-arbiuol was
treated, w ith concen tra ted  hydroch lo ric  a c id  and the  
product■allow ed■to  .reac t w ith efrong  'aqueous potassium 
hydro^M#*-■ ■ fh e  dispersions o f the various m a te ria ls  
.are eimeaariaed below? ;
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ment) ■
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(a fte r ' ■ . 
t r e a t —
m eat): v . :’;
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f h t  ro ta to ry  'powers were m il m easured:in  carboii b is u lp h id e  . 
s o lu tio n  ..(e.#5)- in- a.cne/deM m etee irnM* ■
'%
:-v'' via  th e 'g ra p h s  ( a t  the-end  of th e  . thesis} . /'/£•$][ hae. . 
boon p lo t te d -a g a in s t  ■ X" a s  ..abetiseee*. :f h § :e lopes of' th e  
s t r a ig h t  l in e s  corresponding to th e  j)ru ie  equation  ■;
e re i
O rig in a l e th e r t  1*0 ^  lO^f ■ R e t r e a te d  Oarblh o lf  2*02 a  10^ 
O afbtaol a f t e r  trea tm en ts 3*T0 '% 10 #
fh# variations in  slope Indicate d e f in i te  chemical*, or 
stereochemical#.-differences between the structures of each 
of these three eoaponndsi' 
th is  provides a tro ij evxdeiee in  favour of ..the 
©eoondary earhinol structure* the opti.0a3L a ctiv ity  # f which 
implies ■ induetion of asps e try .at the-newly formed #tatrot
I t  i s  d e s ira b le , th e re fo re ;, .in m . f  aeoomst o f 
■ th e  mechanism o f t h i s  raarrangeiaent to  axpXaimi
.' a* ; .' th e  ■retemtteii o f ep tie& l activ ity  by i h i  
* migrating group? ' ' ' ' . -
■ b* th e  induction o f asyimsetry a t  :th« earhoa 
' .atom of th e  >an$yX group* ; ■
' S in ce ''th e ' e?iraXX.. r e a c t io n  'cannot be ; 
bim oleenlar* 'on ly  two-' mechanisms ■ s e ta  p ossib le - fo r  ■the' • 
e lc c irc p & ilio  m ig ra tion  o f - the oftleaX X j' a c tiv e  group «*■
r l z t  ■ $JL. aa i 0^2 a t ■.ilia sea t o f  association *. —  v . is " . i r
U L(
Ph  --------/ ----- O ------ CH-Ph —----- > P h  - C — — O
/  ■ | • / \H ‘ * CHPH,
£1- j
EJr
s a h e ti tu t io a s  I t  has m t  been e s ta b lis h e d  w hether' 
in v e rs io n  o f  th e  co n fig u ra tio n  of th e '& c iiv e  group eeeitrs* 
I f  th e  cleavage o f th e  0-0 bond, fief t in g  f r e e  th e  X ^heay l*  
propyl, group, were follow ed Tory ra p id ly  by th e  fo rm ation  
o f  th e  earboa^earbea bond, so th a t  th e  m ig ra ting  group had 
n o t tim e to  f l a t t e n ,  than  e i th e r  in^-eraion. o r  r e te n tio n  o f
configuration /, js&ght oeeur * ■.probably re te n tio n #  owing to  
s t e r i c  .'Mndrsaee* ■ x& eritafcly a Mgti degree o f  raaem issfio a  
would ensue# s in c e ' a  f r e t  eaifhem i» io a  w tu ll  f l a t t e n  w ith  
g re a t emse# allow ing  approach from e i t h e r  s id e * . ■ I M . I  : 
mechanism presupposes th a t  th e  Xithium^oaa^os head has 
io n is e d * . to .fu rn is h  a  re c e p tio n  c e i t r e  f o r  th e  m igratiE g 
group* l u t ' t h i s  l a  co n tra ry  to  e y ld in e t a lread y  quoted* . .In 
'a d d itio n s - th e  m ig ra ting  group eouXi approach--the #h ea sy lw 
earhem.'atom* from e i th e r  oxio* red * e in*  th e  'p o s s ib i l i ty  o f 
induced asymaatry* ' She §^1, mechanism th e re fo re  a p p e a ra ,' 
uailhely#.. ■
S ,2 su b s titu tio n *  M  the hand he tween the asjim setrio*"*,&‘■"T,"Trn“rr' ■•‘"‘r
carbon atom, and th e  orygea atom weakens# th a t  between th e  
asymmetric carhoa' atom and the , ^hinfiyl^ carbon grown a t  ro a rer#  
fwo s t ru c tu re s  a r t  p o ss ib le  fo r  th e  t r a n s i t io n  s t a t e  com  J i n x  
( th e  mature o f th e  M ~ $  bond being  tem p o rarily  ignored) s
e i th e r ' a .  where the  normal bimoXeomlar s u b s t i tu t io n  ro u te  
i s  fo llow ed (lead ing  to  complete in v e rs io n  o f th e  asymmetric 
e a rto n  atom ),
o r r: b* where ro u te  i s  followed* ■ le a d in g  -to c o l l e t #
re te n tio n  o f  con figu ra tion*  ■ ' :
u
Both . wMmoXecular* ro u te s  would probably  fro iiio e  a
high ‘d e g re e 'o f  asyrauetrio s y n th e s is « th e  former# io ^e ire rf
seems u n lik e ly #  n o t o n ly 'o n  s to r io  grounds#- b u t a lso  by ■
analogy w ith t h e  Steven.® rearrangem ent# whereof i " s u b s t i tu t io nII
undoubtedly .takes pine®* aooonpanift:by retention/of : 
configuration.*-._. ■ , ,:
' fh e  lith iu m  Atom#/
■ .If, therefore* S^z substitution at ...the seat of ■B ■ ■ ■ ' '■•/■■'■ ■ ;
a s so c ia tio n  i s  accepted as the migration" route o f  th e  
o rgan ic  .group# then  the  question  of th e  moyeueat o f  th e  
lith iu m  atom a rise s*  - ' fh s ra  mr# tw o-'possible pa th s  «
i n t  ©rmo le  e u la r  and to t r a a o le e a ls r* ''  1
' a t tm term olocular ®i *v »tion o f th e 'l i th iu m  atom? ■
h u ■ «. H u®
\  X  \  <?♦ »•- \C -4— O . G •" R. -4 C.   o . , . u R _>> c    o   L>
X “ >m y> X '■•, X \Ph C Ph C ph C
ap >bE!- I Ph
H
e> i Ph 
. H
.;• . ;.-A ttack by l i th iu m  atom a t  th e 's e a t  o f  dissoeim-- 
t io n  o f  th e .o rg an ic / group products d is s o c ia t io n  o f  th e  
o^srgen^earbon bond* concu rren t a s so c ia tio n  o f the. carbon 
bensyl-group  bond, m i  ■ d is s o c ia t io n  o f - th e  ea rb en -lith iu m  
bond* . . .
■ "p lia  mechanism i s  c le a r ly  dependent' eh i l i t  - 
presence © f; e ither., Xit&itm io n s o r e a s i ly  i§misabX# 
lith iu m  compounds 1m so M iio a /a iid i: tip t o 'a 'l im i t*  th e  
g re a te r  th e  .eenetn irm tieh  o f those e n t i t ie s *  th e  fa s  her 
w i l l  .he th e  .o v e ra ll; .ra te  o f rearrangem ent* fliese w e  
c le a r ly  th e  co n d itio n s  f o r  a  MmaXeomlar rearrangem ent * 
ilowwer* i t  ,has been shown th a t  th e  re a c tio n  tak es  p lace
'a t :a 'm im oX ceular r a t e : 1when t h t  m e ta llise d  e th e r  alone i s
■ ■ XT' allow ed to  rea rran g e  ( t i f i i g  & O lausniser* loO > oit* }*
'' th e  in te rn o le e u la r  m ig ra tion  o f the  l i th iu m  atom 
th u s  appears un like ly*
On th e  o th e r hand f th e  Steyens Itearrangemc i t  i s  
M m oleou lar* s in ce  i t  i s  dependent on f l i f  p resence  o f  ' 
b a s ic  ions fa s  has a lread y  been s ta ted*  f *36) a a i  i i a e e  
th e  .ra te  in e re a se s  tr itn  th e  co n cen tra tio n  o f  h a s t  
p re se n t to  a  maximum. { re f  * 25) * : fh e  re a rra ije m e n t ■
th e re fo re  proceeds v ia  th e  ro u te  invo lv in   ^ in tenioX icuX ar:r* WaWWWMitrTTWt.
.rearrangement of the hydroxyl group*-
St* " mi gr at l om of: t o t  l i to ln i i  
.atom*
r " ! H\  P  ' ' Hv  U
■----  J0 —*> /■*-*   Z  ®
/ ,  ■-. /  ' : /  Z  .;.. .■ /  \  .
pu C- Ph C  Ph C
. ; / i \  / \  . . / ' \
EJr I ' p h  . ■■; pr P h  Ejr I Ph
', M H,'.. ' V \..H . ... • ., '
Se 2 B«feBtitutisa,fey,; tb s  U tM ura atom a t  th e 's e a t  
d is s o o ia i io a  o f to# G ggm & G  group. .l&volves d is so c ia tio n  
too boiti* ©©nourrtat a s so c ia tio n  o f  to#
earbon^bengyl gronp /bond and d is s o c ia t io n . ©£ t  e cnrbon-* 
l i th iu m  hm M *  'to e r tfo r#  to#  /'few# group MOTtmeirto must 
M  synchronous *
A lte rn a tiv e ly  t th is , mechanism eoa ld  b# desoriM d 
by say ing  th a t  the  lith iu m  atom and th e  o rgan!© group 
move along th e  ©arbom^oxygen .bond to  opposite  d ire c tio n s*  
always r m a & M t ig  withim t o t  o r b i t  o f  t o t  T r^sX tetron t 
a sso c ia ted ^  with, t  a t  bond*
f h i s  mechanism to  to g ic a l ly  a t t r a o t t o f * s to o t  
i t  i s  com patible not only w itn  f i i t i g t o  f in d in g  f t o i  to e  
re a c t io n  i s  mimaXeamlary o r pseude^tooX eeal& r#  b u t , a l to
beo&use i t  exp lain#  why may tendency o f ' t o t  .oarbon-lito ium  
bond t o .Io n ia # ■opposes t o t  re.arrai^eme&t* t o  aM itiom * 
i f  to# mechanism i s  co rrec t*  toon to e  o p tx e a ly  a c tiv e
migratimf' group would '.be: er^ cc to C  to ' movt "with mb lb # b '
■ of-'optical a c t i v i t y f ■ full' retention of coufigusrutiou and* 
'since a tta c h  on th e  benzyl group would be e n t i r e ly  one- 
Biled* complete asymmetric sy n th e s is . • • toese- deduction# 
a re  n o t l a  opposition  to  e x p e r im e n ts  data* a!though' ' 
they cannot be wholly supported*
:v : v . ; . : . .  . v .  ■ However*-.Piuee n o -o th e r example o f ou©ii.a ' 
double rearrangem ent; mechanism i e  . on reco rd  f i t  .mast' bo '
• t r e a te d  w ith  OcdfcJoa*.'. •.■■"•’
I f  th e  mechanism described  is. • c o r r e c t ,  i t  becomes
interesting to study tot contribution made by tot phenyl" 
group *-which'seem&.:.essential #■'.■ ,.:SSbe reaction, has been • 
t a r r ie d  out exclusively with benzyl* benshydiyi* f ln o r tn y l  
end desy l. (PhOO.PhCHOE) e th e rs  * th e  only exception  being  
i i a l l y l  .ether* which rearranged under th e  influence o f 
potassamide ..{Hauser ■■& Eantor* .re f♦ If )  * but. her#  to e  , ■,
v in y l.g ro u p  prob Jbly. o m rrits /tm t t o t  .fm o tio n s o f t oe . . .  ■ 
phenyl..'group #/■-.
; V ?rttw iaM y  t o t  phenyl group i s : fir s t;  called..in to  ■ 
play, to  . a l l  t o t  -attack. by- t o t  o rganic b as t*  leading, to. : 
eubetiimtion-.ef. hydrogen by; Turing tot.
rearrangement,, however* i t  As d if f ic u lt  to m®. what I t s  ’ 
function would fee.- I t  seem# that the. introduction o f a  
second phenyl group interferes xXt'i toe' reaction because?
Benzyl methyl ether rearranged#. -in.,eold..ether, with phenyl 
lithium, giving n. yield of 35$ of isomeric oatoimoX after •
10 :
40 hours (* i t t i g  & lohmarm ) .
Ben^hydfjl methyl 'ether rearranged under id en tica l
conditions givin.g a yield  of .23$ of iaomeri# carbine! .
.-■ I f  ' >:'{Wtttig& Happe- } f .:
f l m r m t f t  methyl e th e r  #' under th e  e,xao co i l i t io n s *  loot- ..
■ . 12,. not fe®rr®ns« f f f i t t ig  &/B&ppe 5 * * . .■ :v • ■ ■.
’ f t  i s  -.therefore l i k e ly  -that f^e^grtaitr the *1 '
degree 'of -.aromatieation o f ; the radical ;att&oh.ed to'. the
methylene groups - th e ' low er 'the y ie ld ,of re a rra n g ed : •■o&rhi&ol
w i l l . .h e |,'under \a iM ilsr 'conditions*; - ■.,• ■
u
R
frea im ah ly  the.electron s h i f t s  l i r e o t e d  sway from 
the. methylene oarhon atom* by aiding th e  io n is a t io n  of.- 
the lithium atom,- in te r f e r e  w ith  i t s  attack On the o.aygen 
atom*. th i s  h in d ers  th e  tendency o f th e  m igrating- group 
H to  a t ta c k  th e  methylene carbonf which p rocess norm ally' 
b rin g s  about rearrangement. Introduction of an eieotrom ^ 
donating  group in to  the benaene r in g  m ight a id  th e  
rearrangem ent (although interfering w ith the  in it ia l '  
m etallation)' **: bu t introduction o f mi electron-attracting  
group would |  on th e  above ob©ervaticat hander rearrangem ent
f h e . P e s i r a M li iy  o f v.ortber- Bvtdekioc*-.' ■
; . S ince th e  mtehimism.,in v o lv in g  in tram o leo u la r 
m ig ra tion  .o f th e  li th iu m  atom re s  fee upon such s l ig h t  
.evidence* suppo rting  experim ental d a ta  would b# valuable*  
"Such. d a ta  co u ld ' perhaps. b e .' ob tained  by using,, iso  to p ic a l ly  
.e u r ic h e t i l th iu m  to  met&llat© an e th e r  |. ta r ry in g  ou t th e  - 
rearrangem ent "in ' e th e re a l  phenyl lith iu m  so lu tion*  filter** . -• 
Ing o ff  th e  p r e c ip i ta te  of rearranged  l i th iu m  c s rb in o la te  f 
and f in d in g  i f /a n y  v a r ia t io n  in  is o to p ic  co n ten t o f th e  „ 
rea rran g ed  l ith iu m  atom had taken place*
’ 4. B m m i  method| u sing  op tically -' a c tiv e  compounds*
would involve, th e  la ig ra tio u  o f an o p t ic a l ly  in a c t iv e  group 
m  to  an. o p t ic a l ly  a c tiv e  cen tre^ .; f o r  in s ta n c e t '. i f  ttie  
methyl- e th e r  o f /o p t ic a l ly  a c tiv e  X-phelylpropanol. were 
allowed to  r e a r r a n g e 't to o t  /
Li- v Li ii" Li
/  , \  \  
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th e n - i f  th e  r e s u l ta n t  . . te r t ia ry  carb.imol.f. e th y l* « 1^ yl*fhenyi^ 
carb too l-w ere  o p t ic a l ly  'ac tive* .' th e re  would be no doubt 
t h a t  th e  l i th iu m  atom k a i .mot l e f t  th e  sphere o f in flu en ce  
o f t h e  asymmetric carbon, atom' b efo re  th e  re a rra n g in g  'group 
had en tered  i t #: ■../ t n  a d d itio n  $;. i f  th e  double in tram o lecu la r
meehiai* i is. iOTorsiom:o f  t k r  :
r ts m itm it ' t e r t i a r y  c a rb ln o l would "be expected , €^companie& 
b y v ae 'ia sa  'of. o p t ic a l  a c t iv i ty *  - ■ . . . . . . . . .
' /.; '■.'./lb a ''degree' of - optical; A ctivity of ifea'carbinol would 
be cheeked by compxrisou w ith  th e 'r o ta to r y  power o f the  
.o p tic a lly  pure m a te r ia l  ob tained  ■ by re so lu tio n  ** further*.' ■ 
i t  .'might b o 'p o s s ib le  to  c o r re la te  th e  co n fig u ra tio n  o f  th e  
rearranged  t e r t i a r y  carb laol.. w ith th a t  o f the  i n i t i a l  
.secondary■ c a rb in e !  from which th e  e th e r  had been prepared*
■ Xay. in te rm ed ia ry  r e s u l t  # f o r  example p *rtxnl 
raeam i cation..* would suggest th a t  c ith e rs
a* th e  lith iu m  atom did  ion ise*  b u t the  earbanion
. mmttt. *
did mot com pletely leav e  i t s  sphere o f in flu en ce  f and thus 
f la t te n in g  occurred  in. a  p ro p o rtio n  o f  th e  re a rra n g in g  
m olecules** M l  s o t  in. all* .
b« the  group k rJL ^ated  from th e  o^ygm  t o 't h e  
carbon atom by an. IntermoXeeular route - ^  which - from' the ’' 
evidence of the previous experinent'eeeme’tuilikeiy.f.' ;i
•' '" , ' U n fo rtu n a te ly t m etaX lation o f  ih© o p t ic a l ly  a c tiv e
e th e r  -(involving e u W ii tu i io a  a t. th e . eaymmetriC' carbon- 
atom}-*., introduces- com plications. which* I f  th e  s u b s t i tu t io n  
i s  uaimoIecuXar* could make i t  Im possible to  o b ta in  th e  w- 
a c tiv e  me t a l l  a t  ed ather*'. I t  I s '  th e re io ro  ad v isab le  to  - 
in v estig a te ., th is - .s te p  in  ■some.' d e ta i l*
::; Th e  . r e a c t i o n ■ p r o c e s s . '  i n v o l v e s  t h e  . s u b s t i t u t i o n  © # • ■ • ■  
hydrogen b y  mir &XkaXi«~metal- atom -donated* f o r  W
phenyX li th iu m  in  o th e r .' - -
- fhret-moolianlsmS' mro possib le ' f o r  t h i s i  : ■ ' : ■;
E \-  H ^  T  \  E h  H . . . /  V  ^  \
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- A ttack  by a  phcnyj anion. cause® ©Xtava^e o f  th e  
carbon^hydrogeu bond and th e  r e s u l t in g  ©arkunion I s  f r e e  
to  f l a t t e n  # p r io r  to- recom bination ©n e i th e r  s id e  w ith  a 
li th iu m  cation*. . . - -
f* ir\ .
' 1
Eh E* £h .
® v/ 4 ~ n s I ' I ® ph®
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B.imol:ecular M taok  by a - li th iu m  cation*  a t  the. 
rearward, a id e  o f th e  asym aetrie carbon; atom* result.® in.
i n f  f T & i m .  o f \ & Q n £ l g u & & $ i m  and re le a s e  o f th e  pro ton  to  
combine w ith the  phenyl ' ,
■ 'fkis'isi a Mmole c u la r  p rocess whereby the  phenyl 
il'tlilm /M oleom te ' in to  - a ' brinisibiom, complex' w itli th e
sm bstra te  m o leo iilt, r e s u l t in g  in 'c le a v a g e  o f th e  coroor-* 
hydrogen bond m i  synchronous formation. o f  th e  ■ carbon**- 
'.lithium bond*- ■"’ Sy th is process the &symetrf<r carbon .atom 
w i l l r e t a i n  i t s  coB fig ttra tioa  and th u s  iso rm eem isatioii 
ensues* .
I t  i s  n o t easy to  p re d ic t  which of th ese  m m h m X m m  
i s  l i k e l y , .a s ■very  l i t t l e  evidence has te e n  accumulated*. 
However, i t .  has been shown that i f  the reta lia ted  ether 
i s  ab le  to  re a rra n g e , then  the 0a rhon^allta li^m etsi b o ni  
t f a t s  n o t to  . i o n i s e e v e n  in  b ases such as  p y rid in e  o r  
l iq u id  ammonia. Txas. an io n isa tio n , o f th e  o'erhon-hyteogen 
head (£*#* §^1 mechanism};, w ould;not seem’ to. be lik e ly *
. " In  a d d it io n , in i t ia l . ,  a ttack , by th e  X ib k ta t c a tio n  
io e s  n o t .seem l ik e ly  **; for; when lith iu m  ^alkyls r e a c t  w ith
pyridine m  ipimoiimes# a bimolecul&r reaction t €&m place 
p r g e e e d i n g  T t o  a ' f i a a t e r m a ^ ' n i t e o m i w  £ e a #
+&u0 —* s °
N ^ h ■:.■ ^  ; V  ! | H
flie com plex' MtBitim; S a l t  can b# is o la te d  ant* on 
h e e iia g * ; g l?es  th e  a ltq rl .py rid ine  aad l i t 7 ja a  .feyiridei 
{Z ieg le r M E eiser t Bor*#, 1330? 63# 1 3 7 4 } ;f h i s  womli
be .evidence against sm .nmohmlmy
.;.; . ■ further#.: SuisgMi {KMmti %mposirm Reports#
■: ,'gg'
Butterworth# London# 1333# .p*t£?) : ■ ■ fonni -that in the 
reaction^ . .
Hal  Hal
jj" HLiPb — * L ll ——^ p ro d u c t’s
L'l
between a .ha logehated  bense&e .m olecular i$*M *  ehlorobeasene) 
and' a  base# (snob m  l i t h i m  phenyl} #, X ith lim  piperi&i&e* 
although .a , weaker base# was a  m ob b e t t e r  mei&Xlatin§ agen t 
t t e i  l i t h i m  phony-1 # f o r  th e  re a c tio n  proceeds some. 30~90: 
-times f a s te r * ' OXearXy th e  reaction cannot be o f th e  
sim ple i r e n s ie d  .acid-base ty p e , and tlniogen assumed th a t  th e
lith ium -hydrogaa exchange during m e ta lla t io a  tools. p iae*
£2*
v ia  .a £©ur~&emb ©red • ring tran sition . eomplex#. In eo& trest  
to' -pUea^llithitiiai# ' lithium: pipertdide has m  ©sfaarti 
e le c tro n , 'p a ir  a t "the:baslc- © w tre f ami t l i s , f a v o u r s  
the. t r a n s i t io n  s t a t e  i n  w hieh-the vvalenee of.-the b ss i#
© eatre  lia s  :tisea  ■iae.reased >y; eact#:.; -
. H , ,
’ ' fIiia  i s ’ a lso ' t r a e  o f po iaasaifiiIef 'akd would
a reason why i&eluding heaayX*- l-^heB^rip^pyl
ether were sueatsai tally rearrange! ;by th is rt&genb*. rattier 
than  ‘by fiaeiiyi iitliiu s* -:;' >■■■■■•■■■— ■ : . '-: ^
■ "' fbe m t& M im  tkm® fnvoars tu t .  3.JL misa*1- ’
w ith r e te n tio n  ©f b o th  eon tigu rstiom  ami f u l l  OptieaX 
activity*
P rep a ra tio n  o f am op tim ally  a c tiv e  e th e r *...©apable 
of ■rearrea^esseat# was then. irxdertakemr. -3&e ether wm to  
be .prepared from i ts -o p tim a lly  a c tiv e  c a rb in e l ,  m e taX ia tif  
.and allowed tto  rearrange*. I f  ■ the r e s u l t in g  tertiary  
earbim ol i s  o p t ic a l ly  pure them t t o  rearrim gem tni i i  very ' 
probably..: ^double iiitem o leo H isr* n I f  t b e ' t e r t i a r y  tarbim ol.' 
i s  p a r t i a l l y  .active*., them b lit ra o tm iss tio n  probably  took' 
p l a t e . a t  th e  metaXXatiom s ta g e , b u t - b lit ‘‘double iateam oleom lar 
m a r r m g m m t  i s  s tro n g ly  te i ie a fe i* . I f  th e  preduelr .4*'
;,r&©©mi0 f -thsn'iab^e 'd e ta iled  in v e s t ig a t io n . i s  necessary  |; to  
■ ascerta in  w hether''the raeem isa tion  occurred d u rin g ' ■
.m e ta l la t io n ■ o r  r^arrangeaen t#
Attempted - He&rre&gement o f m ethyl X^ph^aylproOTl... feth-ey? '
The e th e r  chosen.' f o r  t h e . i n i t i a l  $nY§$ti£&%ioiX'Vt&$: 
methyl X^phemylpropyl ether*. 'feec&nae i t  can he prepared  
from optimally 'ao .tiw  i^phem yipraix^i-l^l # and were- i t ; t o  
.rearrm ge. i t  would g iv e  ethy l-^ ie t vX~Phenyl earfeiheiy, 
which’ has : already fettn 'reeolved* : { fu ries , lemyoa lr Salsaae* 
jr .O .3 ., 195?, 3143)c;5. ■ _ ;
l a  the' f i r s t  experiment* raesm ie methyl; 1-phm jJ. ■ 
propyl. e th er ' (p repared  from l-^piier^XpropaE^l^el. h i’-..a, : 
W illiamson sy n th e s is  using. m© mI^I. i c d id c ) . was -allowed to  
s tan d  w ith  m  eq u iv a len t o l phenyl lith iu m  i a  d ie th y l 
o th e r  a t  room '.tetaperature .fo r  oyer .fxve.days* ■i  to  working 
mp* mo ’ pro duet o f ^earraagmext-i ’ could fee iso la te d *
I t  was s ig n i f ic a n t  th a t  th e  reaction , .mixture d id  
mot g ive m j  c o lo ra tio n  w ith the  phenyl l i t h i m  so lu tio n  f. ' 
though .the homologue* feensyX m ethyl e th e r ,  tm raM  m deep 
red* f h i s  co lou r has /been. considered  fey many, workers. ** 
e*g#- Sofeorigia, f i t t i g ,  M m m m  — to  fee te e  to  th e  m e ta lla te d  
carbon d e r iv a tiv e  , o r  th e  carbariioai,
P h  L i®
\  ©C '
OMe
I t  was th e re fo re  assumed th a t  .metsXXafien. had m t  
occurred  in  t h i s  ease* '
Ph Li '
\  /
C
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fix© experiment w as' rep ea ted  using  poiassam ide in  
l iq u id  ammonia* A deep b lue^purp le  s o lu tio n  was produced 
on'- m ixing th e  base with' th e  e therea l, so lu tio n *  b u t .a f te r  
heating ' tmder r e f  lux  in, e th e r  f o r  2 0  'hours no rearranged  
product could bo iso la ted *
. fixe re lu c ta ao e . o f  th e  compound to 'r e a r ra n g e  seems 
to  bo. duo to  the  presence o f 'th e ' e th y l  group*' 'iM .i  e x e r ts  
a  weak in d u c tiv e  e f f e c t  (*1) whioh would tend  to  oppose 
cleavage o f  th e  carbon^hydrogen' bond# thus' opposing bo th  
m e ta lla tio n  and io n is a t io n  ( In te rn a l  and e x te rn a l)  o f  th e  
aXkali-metaX-earbon bond* u
o - A  , ■ .■ > x > :  . : . .
A .fjr OKe
fh e  fo llow ing  e th e rs  have -been tr e a te d  w ith  a  base  to  .
g ive the. corresponding ■c a rb in e !$ ; ' ’ -
>■• ■ ' . 1 0 - a* - f i t t i g  & lo lmsim* ( lo c * c lt« )  -
/
V
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OCH . C H - C H ,  1. *
\
O H
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CH^Ph
i  * ■ : ■ W it t ig  & C la u sa ls© r»
K N  H,  ". ' . „Pt^cHOPb  V  Pb3CoH 81%
Pk^CHO PbMe.  -----> MePh(Ph) C.OH 77%
P h
P h  . C O .C H
N.KOH-
O C H ^ P h
Ph
} P h C O .C .----  CHPi n
OH
C O t EJ-
Ph .CH
N^CoEfc
OCH . P h .
CO^
Ph.C. CH Pb-i 
OH
£*  Manger & Kant or w (lo e  ,c t t» )
KNHiPh CHv.O.CHx Ph ! ---- » PhCN. C^HxPhyOH
Ph O H ^ O ,  CH^ ' OH = CH^  P h . C H . O f f
CLH ,C.H “ CH
l<NHa
* ' CHVSCH.CHV. (ci+x
PhChl. O.CH ^
Me
E.H
KWH,
P h  CH ,O H  
■/Me
CH \ EJ-
o f *
33%
39%
~ ^ 7  %
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I t t e M te d  rearrangem ent l^ s fh g rl ^ o n to r d r y l -
Gth&Vm. ;
■ i f 't o r  ■ o ta s i to r ta g  th e  ra s^ e  o f  of!lers th a t  
bad madorgoiit th is  rearrangement eueeeasful&'g i t  was . 
Melded to spitoaeXso beor/X* stoar*:
4ffith a'view'to xts ^oarjpaaa^meat# ©lie.
..ether, wee ©Meet* f o r  the fo llow ing  re&eone*
a* . too ieoxneriaatioa of beaahy dry! motojl 
ether had been carried out by Wlttig aai Happe ( loo»el t . )  
’■who reported i  | 0Ol y ie ld  of isom srto  osrhtooX (6X^}»
b» 4Haot^i*feaashyteol# m toterme&tote to  too
synthesis* tod boon resolved (Daviee* Eesyoa, eb &X*#
24 ' •
y .C .S *f. 1954* 3474) ;
ju  t o t  toM jX  e th e r  i n  etoeen ration tost! t o t
metoyl etMr* ..Meaae# there aeesed: to bo l i t t l e  difference
between-tM ease o f  rearraageiient o f  to o  too to, other
eases,. and too henuyl etoer would protobly to  a so lii*
fh ethermae toato l with potacs&side to  d lo to jl 
e th e r  f o r  fo u r  hours # b u t . although too oo lour a sso e ia te d  
with m etallation' developed • no
earbiuo! eould to isolated*’ f t o  rsaeiioa  was- repeated
to toluene (fourteen Mure* .toaiteg under reflux) and 
to  cycleM xane (to o  hours * M a tin g  under re f lu x )  b u t no 
tr&ee of too rearrajagemeut protest eould be i s  toe tod*
th e  in s e r t io n  o f  a  m ethyl g ro u p .a t th e  4*po3ition  o f ._ r
iao re a seg  flie ttndeno^ of-tlao. e s t i r i  of. the.'
e a rb ln o l . to  .undergo . .a lk y l^ :^ - f i s s io n  (P&viea* K ® m m  e t  a l « |:
■ 24 ' '■y*0 *S ,# 1,314* ,34t4) ■.■-by ta in e ti if#  ami bypereen;Jttg&ti?e |
e le c tro n  re lease ., fh is  electron . release* . a lthough i t  1
d id  no t h iM e r  ■motallation* M-mmn t  o h u r t  M a i tro d  th e  ;
.rearrangem ent ■*■ eteric-"h indrance i s  u n lik e ly  f sim et !
fluo reuy l. benayl e th e r  can be rearranged  in, 91$ y ie ld *
I t  i s  p robably  an e f fe c t  p a r a l le l  to  th a t  observed w ith
l^phenylpropyl m ethyl e th e r ,  .
l in e #  th e  e le c tro n  re le a s in g  few er o f th e  m ethyl
group.stem s to  hinder- th e  rearrangem ent* eever&X. courses
suggest th em ss lw st
1, to use a group- euoh as tertiary buvyl as
• su b s titu e n t*  hoping to  reduce th e  in te rfe r in g -  of f e e t  by 
reducing  hyperaenjagatlom f - i
2 , . to  -piece th e  m ethyl in  a  p o s i t io n  s e ta  to  th e  
c a rh in y l groupi hoping, to  reduce i t e 'in f lu e n c e  $
.3* to  use an e le c tro n  a t t r a c t i n g  s u b s t i tu e n t
group* #*i# ^0OM_f2 . .
4 * ., to  us#, ano ther e ther*  in s te a d  o f  a  s u b s t i tu te d  
hen^hy iry l ether:-* #*g*- fluorenyl*.
CH
CH
O C H , P b
' ' i t '  m m ' t t e i i e l  to  alo jst oomrs# '4 # 'i a l  ta  a t t e s t  
to  allow  Isenssrif (abovo) to  -
ifoarro i^e i i n  t« e  p re se n c e 'o f  pot& sato it#*  CCfcia wao: . \ . 
ae lea tV l %eoaape f lu o re n j l  %m 2y 1 o th e r h a t  b e ®  ■
In v o p fig a tM  W  i l t t i g -  it C lausal per * who obtained  91$ ,-;
. . •■ 2 6  
rearrangem ent* m &  a lso ' because Baj i  K re ise r  {ifr0 *:e i t i ' )
h a t  P fatkB S iP tt o p t ic a l ly  ao tiv e  l-o a rb o sg '-^ fla o ro a o l.
w i th 't a s t  from fluo reae*  ' '; ' ■ -
. . ot &#r  hmo M oa :
^ fa t l i tp ia o i  f im .tM f- .o a ^ ia o l  I f  .forming tti# f ls e r tn y l-
brom iie u sing  feyfeoteomie ac x t * s a t  allow ing  t l i i a  to  ■
r e a c t ' w ith  'b e a p fl 'aieo&ol i n  th e  presene® of' s i l v e r
t i i t r a i t i ’
' I t  iis f ro fo a o i to  reoo iyo  i tiip  via, an. alkadLoiSal1 
a a l t ;{tlams e lim in a tin g .an y  lik e lih o o d  o f.^ o o m iaa tio n . 
o f  tho  e th e r  ta r in g  p rep a ra tio n ) a a i  fliim to  change th e  
oarfcos^l group to  a  methyl. group*
.If-.the resulting' ether w ill  .uniergo rearrangement*
then i t  w ill. I s  'p o ss ib le  'to  prow iie  a, d e f in i te  mechanism 
f o r  .the iso m tr is a tio n  'o f  e thers#  ■ Also* evidence bearing  
On; th e  mechanism o f .me in f la t io n  a t  a  carbon atom , w il l  
r e s u l t  m i  .an, asyimaetria sy n th es is  o f /a . t e r t i a r y  earbim ol 
w i l l  be .e a r r ie t .  out*- " ‘ '
At th e  tim e of" w riting*  th i s  work to n  n o t been,' > 
eomplsied* . . . ' .,
SSOflOS I
BemssyX. chloride (X2g** red istilled ) in.methanol 
12 o*e*} was added to a solution o f sodium I f#*5 In
m ethanol (50 e , o , ) and th e  m ix ture  heated  f o r  m  hour on 
th e  steam bath* u n i l e f t  overnight#  Water (100 e*e*) 
m m  then addedf and th e  m ix ture  was e x tra c te d  w ith  ev  or*, 
the extract dried over calcium thXorile and the ether 
removed^, the  benggrX methyl e th e r  had. Wp* 64-6f°/^y  
(60$ y ie ld ).
Preparation of phenyl llth i& u
l i th iu m  (% ** a  s l i g h t  e » e s S  to  allow  f o r  
Imparity) was extruded through & sodium press Into dry 
ether (X0§ c#o#) oomiaifioi in  a 2~meoke& l i t r e  flash*
In to  one n tek  m m  f i t t e d  an adap to r * ca rry in g  a  mercury* 
sea led  s t i r r e r ,  M eh lg  condenser, a a i  dropping funnel* 
fitrogem  (d ry  a n i oxygen f r e t )  wmn passed through th e  • 
f la s k  v ia  th e  second meek* th e  condenser and a  p a i r  # f  
BresoheX. b o t t le s  f i l le d ,  w ith  o i l*  to  m ain ta in  a. co n s tan t 
p o s i t iv e  p re ssu re  in  t h e . apparatus ♦ ■ By th i s  m m M  i t  was 
not. p o s s ib le  f o r  a i r  to  gain  access  to  th#  re a c t io n  m ixture* 
fk e  a i r  having been, flu sh ed  from th e  ^prarmfea*. brdmohensene 
( r e d is t i l l e d *  64g* » ^3 e#e*) wao added In  t r y  ab so lu te
e th e r  flOO cue*), ta rin g , m  te  or*, w ith  s tirring* - Kars 
elter.w m s added* (150 o*e*), an t th e  s o lu tio n  h ea ted  under 
reflux fo r  an hoar* . , After cooling -overnight* the 
r e s u l t in g  s o l u t io n o f  p h en y l.lithium .washIowa from th e  . 
reacicion v e sse l • in to -  a  s to rag e  b u r e t te ’ oa. a; stream  o f  
n itrogen* * .: . :
■/ fh e  o o n eeafra tio n  o f- th e  ih e a y l , li th iu m  s o lu tio n  
was determined- by  runn ing  5 -e.e*  in to .,w ater*  sad ; .._ 
t i t r a t i n g ' th e  ‘ re s u l t in g ' lith iu m .. b y iru x ld t . e o la tio n  a g a in s t  
deoinormal hyd roch lo ric  a c id , .u s in g  pheno lph thale in  as 
in d ic a to r* .! J t  was fornd  th a t  1  graa^moleonXe o f phenyl, 
l i th iu m  was con tained  in  6$2 e*a* o f solution*-- .
Eearya.ige^^nt o f  gon-gyl■ m ethy l; athe r * ,
■ B onsai'’m ethyl e th e r(4 * 4 g ., ea«E[/30) l.a  d ie th y l  
other ■ (50 o#Oi) wao-plnoei-in a two-neolrei .250- c#c* ^flasfc*
f i t t e d  w ith  a  condenser* f t e  s i r ,  was -..flushed o u t .w ith 
n i tro g e n , (d ry  sad  oxygen f r e e ) ,  m S . phenyl l i th iu m  soXutiom 
(29 «uo*-v -&' s l ig h t  e x c e s s 'over- W $ & )  was added slowly* 
fh s  s o lu tio n  was shaken and l e f t ,  m ad er-n itro ^e i f o r  40 
h o u rs , ■'' a- s trong ' red  co lou r developed and. tnem slow ly ; 
.faded* f l i t  .solution, was .then- hydro lysed  w ith  w ate r .
(50- cu e .) * a  f a i r l y  q u ie t r e a c t io n f..m i  w asted -with ■ 
d i lu te  hyd ro ch lo ric  a c id ,  follow ed by w a te r . .untii. neutral* , 
fh e  e th e re a l  s o lu tio n  was ’d rie d  over potassium  esrbonate
the ' fthep '' removed 'and- th e  re s id u a l, o i l  f r a c t io n a l ly  -. 
■ d is tille d , when. th re e  f r a c t io n s  were obtained!** ' •
( I )  o r ig in a l  e th e r ,  top* ^ 0 - 9 0 ° / ^ ^ ^ : <>*S5g>.
■ ' | i i ) ' ■ • rearranged  c& rM aol» h »p* 9 8 ® /M m * - 2 *25g*
■ ( i i i )  toon**$is t i l l a b l e  re s id u e  . ' X. 20g*
f i e  y ie ld  of ca rb to o l-w itb  re sp e c t • to- the, o r 3 n in n l
e th e r  was 50,* h ig h e r l a  t h i s  experim ent. f  mm l a  th a t  . ..
ID
recorded  by W ittig  and %ohmmxi+ ■ : - '
S it- w e ro ra tio n -  o f  tonsgrl- l^ i3 h e^ l-p ro p an --l-y l e ther*
;'Sodium (5g»)  mm  weighed to  to luene and p laced  to  
& tw o-aeokel 250 0 *0 * f l a s k f f i t t e d  w ith a  th ree-necked  
adap to r which c a rp i ei. a  mereury s ta le d  s t i r r e r ,  a  double 
su rfa ce  condenser and a  dropping funnel* l i i r a g e n  (d ry  
and oxygen, f r e e )  was .passed through th e  f la s k  m l. ou t 
through an. o i l  bubbler*
■/■ l~ ph ery l-p ro p m ~ l~ o l (2 8 *3g*) was added, and the 
f l a s k  heated  f o r  th re e  hours In  an o i l  to to  a t  110 .* il 
th ick, sludge r e s u l te d ,  so to lu en e  (25 c*o* * su lphur f re e )  
was added and th e  f la s k  was heated  f o r  a  f u r th e r  th re e  
to u rs  and then  cooled*
Benzyl ch lo rid e  (30 gy) to  -toluene* (25 §*0 * ) 'was 
then  added slow ly w ith  s t i r r i n g ,  over h a l f  'an ', t o u r ,  sad
7 5
are, a t oti©  m ixture heated  a ,  ©in f o r  th re e  
tvo fay s  i t  was' e x tra c t  i f  w ith
nhe efh©real, -so lu tion  was wash-ei. w ith  d i lu te  
hydrochloric acid,■■and w ith water t i l l  n e u t r a l , 'm l - f r i e d  
ever potassium ca rb o n a te*. She ether; was evaporated oaf 
tr ie tiiy la m in e , ■ (15 0*0*), and phthalie anhyfridat;|l.5 g*) 
were added to .remove cay ra re a e te d  e a rb in a l as i t s  
hydrogen ph tha la te*  *£1# m ixture was heated  on th e  s t e m  
b a th  f o r  th re e  h o u rs , coo led , ex tra c ted  w ith  e th e r  atxl - - 
th e  .e th e re a l e x tra c t  washed f i l th -d i lu te  hyd ro ch lo ric  ac id  
to  remove th e  t r i  e th y l amine, d i lu te  c a u s tic  so fa  to remove 
f h th a l ic  ac id  sad the  hydrogen phthalats* and, water, t i l l  
n e u tra l  % ' th e  e x tra c t  w a s 'f r ie d  w ith  calcium  c h lo r id e ,
r e s i im a l --#11 " d is t i l le d  -feeler■
- f ie l f i ; : t3*B g* bensyl, tophenyl-propan^l^yl# 'ether*
. fc.p. 164-165 / . ,  j n fJ 1.5431.: ■
; 1 3 mm* D
i s  ,a y ie ld , of 50$ w ith re sp e c t to  th e  alcohol,
k  .similar-,, ekf^fimemt w ith  po ta^sj inn gave a  y ie ld  o f  45,
■• • In a.-second 'experim ent, sodium (8*3 g*) was heate 
l~phenyl-propan~*X-*ol, (45*3 g*5f th e  conditions- we: 
exactly . :th e  same' a s ' above except th a t  -a f te r-  -an kon rfs 
h e a i in g  th e  m ixture s o l id i f i e d ,  so .toluene (50 c* c# | wan
Ided' ah-i - th e  m ixture was . l e f t  overnight*  ■ ICexi f a y " i t
was heated at 110° for  th re#  hours* ' I t  was fiien extracted 
with ether* washed .with water*, ‘and.;the .solvents, were .;...;/ 
removed .imier reduced' pressure*,- . B istilla tion . of the, ... 
residual- o i l  yielded 59.6 s .  o f .the ether "b.p... 172»t740/ lSimaj
n ~ ?  1 . 5418, on r e d i a t t l l a t i o a  th e  e th e r .b ad  "b.p. IT#0/ - -  I
too : ' ' ■ ■. ■ *
n |^  1*5418* ‘
Analysis'of .the ether*-.. .C^H^g'0-requiresi 0* S4*91$| VS*. 8*02$
: - /  f o m i i  0 ,  84.33$! 8 # 8 *0X$*
An attem pt to 'p re p a re  a picratO ; in  e th an o lio  S o lu tion  ■ 
was n o t 'successfu l#
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f lie  attem pted reafraflgenient. of, .XensyX «■
S5££EL*' ' ' :
'%'*"' In'. e th e re a l solution*-'-■ . , ... ; :
• • < * ' . !  /
$he e th e r ,  C5*0 g * )#. (Ii/40}# l a  d ie th y l ' e th e r  
( 2.5 '#*#*) was mixed ^ with p h o n jl li th iu m  s o lu tio n  CXS 0 *0 * f ■ 
on# eq u iv a len t)#  and kep t mder:; n itro g en  f o r  60 ..hours *-, .. ■
■ fh# m ixture tu rned  & deep re d ,  which slawl^r
weakened,'-' f i n a l ly  d e c o lo ris in g  on h yd ro ly si#  w ith  water# '
. <■ ' . ' . '
'.After e x tra c tio n  w ith  .e th e r , washing' w ith  d i lu te
hydbpoohlprio a e id f follow ed hi*.w ater, an d ■ firjrliif with/;
poi& ssitm  earfeoimte* the  re s id u a l  #11 d i s t i l l e d  oontiM iousljr
over th e  rang# 82-154°/%^ ■. I 4*5 g*
f s '; sep a ra te : th e  e th e r  from... the  ca rb in e !.,' the.-oil. •. _ 
was heated  on  the ; steam hath  w ith  p h th a llo  anhydride (1  g*} 
m & ' t r ie fh y la rx a e  (5 /0 *0>):»'.Xp3iT idine was in e f fe c tiv e ]*  
f im  'ooole#'-mixture- w as:'ex tra# te l w ith  e th e r ,  washed w ith  . 
$ z m & ® 1 of- d i lu te  hyd roch lo ric  aeiSy then w a te r, a n t  th e  :. 
hydrogen p h th a la te  removed from th e  e therea l, s o lu tio n  by -.. 
shaking  i t  w ith ' su ccessive  p o rtio n s  .of sodium oarhonato . 
so lu tion*  ' f h i s  e x tr a c t  was a c id if ie d  w ith  d i lu te  : ,
hydrochloric- ac id  m ii;r e ^ tx tr a c te d  w ith e th e r  to  yield  • = »
the hydrogen phthalate' which was-a aoii^ory.etallisa’ble . 
tu rn  (0#4;:g>| ;:- '.-■" /
She e th e re a l  e x tr a c t  was. evapora te ! end i h t  •*• 
w ig iB a l. h en sy l;e th e r,reco v ered *  , , ( 3*4 €*-) : ■■•"■.  ■ ' ’
2 * fit. b en m  a & o In  tri on s ' 11 ' '
' ■ Bemsyl '{l^hen^i-propau^l^jrl' ether, (23*8 g*)
:( l / l 05# was mixed w ith  phcB/X I x ih im  (100:#*c.) in .
'e th e r e a l”s o lu tio n  m ^ c r  n itrogen#  ■ She m ix ture was . slow ly
d i s t i l l e d  u n ie r 'n ifro g e m , ..MnMM {sulphur f re e )  being
a i le d  in ' sm all p o r t io n s ' from time to  tim e u n t i l  a l l  th e  .
ether■ had been  remove!* ’ 'fh e  .m ixture tu rusS  a  dark chocolate*
hrowB colour* - I t  was re n te d  tinder r e f lu x  f o r  th re e  hours
oin 'e n  o i l  bath  a t  120 ,. kept, f o r  'th re e  days, an! 1 M ated  f o r
a  .fu rth e r 10 to u r s ,  a f t e r  .which w a te r,. ( $ 0  t*e*} and 
e th e r ,  .{100 o.e*} were added. 2 m  e t h e r e a l ,solution,-was 
washed /with, d i lu te  hydroch lo ric  ac id  a n i ■ w a te r, i r i e i  ' ■’• , ; 
Over potassium  carbonate and th e  so lv en ts  removed* •■.,.. .
■/' fhe r e s id u a l  yellow^broxm. o i l  was M ated  w ith''';-, ' 
fh tto X i o . a toy  I r i i s . /in! tr ie th y la s iiiie  ■ a s . t o f  o r# , and was 
worked ;tij> \$<r g i f t  th e  two component© $ /' a c id ic  amt. n eu tra l*
■ ■ B i s t i l i a t i o n  of. the  n eu tra l, component — a yellow  . 
o i l  -  gave th re e ' f r a c t io n s !
1 . tiphfenyl TO-1600/ 14lIira ' ' 7 , 1  u ,  '
2* ' th e  o r i g in a l ' e th e r  180-1S0 / % i ^  ® *5 g*- -
.3#■': residue 1 over 180°/I4m. 4*1 g* '
fha f i r s t  f r a c t io n  so lid if ie d  m i  ( a f t e r  r t a r f a t a l l l s a t i o n )  
ha§m*p# 6 3 ° | '.j/.m'*p*. o f  d iphenylt TO0 | / mixed m*p* 70°*.
A fte r removal of th e  e tn e r  feom th e  .a o ii l t .  . 
component a  gum, (16 g*) t remained which would n o t •> 
e ry s f  a l l i s e "' ( eum ivalaiit' to' - e i »' -1 0 : g * '©£'■• e& rbinci) V ■" M toispts 
were 'male; to  /p u rify /it■ b y  p rep arin g  c r y s ta l l in e  s a l t s  ■ o' 
with, b ru c in e , :# & in itin e f 1 ©inbhonidia©,' o ineho iiiiiir ;'aai 
stx^o lm ine , w ithou t success* " \  '■■■
"■ • ■fhe hydrogen phthal&t© was hydrolysed in  a lc o h o lic  
potassium ' hydroxide s o lu t io n , and th e  a ix tm rf, -was steam 
l i . s t i i l e i *  In f r a c t io n  o f  th e ' a t e a m 'l i s t i l l a f e  w ith  e th e r  
y i e l l t l '  g *8 g* o f  !m  o i l  whioh: gave m  s ig n  o f  r e a c t io n  . 
w ith  phenyl. i£oeyim ate 'to  g ive  a : b ^ a ta llin © ^  u re thane  *'
' f!st rearrangem ent ® t  d ffoensy l-e ther-using  o ita ^ s a ^ id t 
in  l i a m i  a»noziisu . ‘ :. ■'■
*#iiiMH'! i*»«W>ii » p in iW iiIB u m i^ i i i. in in ^ j in n m iu a iju* i .iliii* iii jimoMw*i'.jignjiifl'i*
P r ep a ra t i u  i  of ciihen*syl e fh e r  * ■;.
•'....  ■-2o I m z g l  a lc o h o l, (40 g*) * contained  in  a  350c.e*.’
: f la s k  ■ ©.quipped wiW. a  s t i r r e r , s u lp h u r ic ' .acid , ( 30;i in
w a te re d  drops) was added. . Die m ixture.w as heated  in. ©a
o i l  b a th  a t  .210- 220° f o r  two hou rs , coo led , ex trac ted  ^wiih ■
: e th e r t d ried  w ith potassium  ’ca rbon ize , and, the  so lv en t
■evaporated*. ; . ■.■.■ ■
fhe  r e s u l t in g  d ib rn sy l e th e r  -Iml top* 17i - ! 780/ t 0sim/ 
; ■ : ' " ■ ’ ■ . .45
f i e l d i 20 g * \ leisenheim erj- { le r* f 1903f £1 , 142!) g ives
b,p» 1^00/x iw a . :
Eearrangementi - ' ■•
* P©tn m m m M ® t ./.Botassittm (1 $ * )  v m  i i s s o lv e i  i s  
l iq u id  ammonia- f75c-.©*)' in: a  159c.s* ..flask , w ith  m  a ir- . ., 
condenser in  th e  ’g ro tm i-f la se  neck , so th a t  th e  f la s k  e o n li  
be completely; immersed in  a t  ace tone/so  l i d  carbon d iox ide  
m ixture*  .■ A; c ry s ta l  o f f e i r i c  n i t r a t e  was added as c a ta ly s t  
f o r  th e  fo n a a t io n 'o f  p o tass  w id e ,  and -the  so lu tio n , was.', 
s t i r r e d  m echanically  f o r  .' two', hours u n i t !  th e  deep v io l e t  
co lo u r was. discharged* '
• :M heagy l' e th e r  '{4*06 g . « l./p§) in  i i e t h y l  e th e r  / 
( 20c ;© .)f was a id e d , and th e  re a c tio n  m ixture s t i r r e d  f o r  
th re e  h o u rs , whsst i f  had developed a. deep ‘red  colour*, fhe
amiaoaia'. was a llew e i to  evaporate ev e r l ig h t * Text day, • 
w a te r (10''#*©*)''and .d i lu te  hydroch lo ric  a c id  (J  If, 20 0 *0 #) 
were.added; a a l.f lie / l iq iio r ;  tm s;'ex trac ted  w ith e th e r  #: the .-, 
e x tra c t  washed-with - w ater f rn<! d ried :W ilii:.po taM im  
earbeiiate*. -A fter.-the  ©olyetxt had b e e n ‘removed f-. th e  r e s u l t in g
oil, was d is t il le d  under red u ced  pressure * =.. ■.
/  fhrte .-fraetitm s--w ere © htalneit , ■-■■.■•..■
f r a c t io n .1* b»p* :ll8 -1 2 1 ° /0  ^ e th e r  . ■ I*
i© * \ 'Z -  ' "■'■■;126?/rt‘. /  ; c & z b i m X  \1#14 g * ,
l e a i d m a  s o l u b l e  i n .  e t h e r /  /  ■•■ , / ■ . '  . / . '  @ * 4 7 . . .g *
u sin g  po t^ssam xde'in : l l c i i i i  TOonia> ; .:-,.
.flit re a c tio n  .was . e a r r iM to u t  i n -. ex a c tly  the  i i i t : 
way as. th e  p re e e iiiig  rearrangement.^.of .dibensyl e ther*
. f© th e  eetub ion  o f p o ta3saKd.de. to  -liqu id  eaimonia 
formed from one gram, o f  potassium* b©n^X#l-p h e n y lp ra p a a ^ i^ i . 
o th e r  (4*57.; g*# W 5 § )  was added#’ . A fte r stand ing . orosalgMt#- 
deoom pcciiica with, w a te r, and working up f th e  product o f  i  10 
re a c tio n , was; - d i s t i l l e d .a t  ..reduced p re s s u re * . ■ .Jhree f r a e t i t a s  
w ere■o b t a i n t I t .
    82*
S'raotton 1 . V«p» 109- 11GO/Q»2]am, e t’ic r  X*S g.
Fraction 2 . b*p* llS*-:i2Q®/„ . eartinol 1*18 g«
Besislue salable ia  ethey . 0,70 g.
la  a sacoad experlncit* from benzyl ,l-phsajrl*“ ,
propsn-X-yl .e th e r  (4*89 g*) .wears was obtained*
1 . ; 1 .p. %3fj-\420/ 9itmm^ ether . 1 * 0 8  g*
2 ,  b » p *  17Q-VJ& 0/ q q  ^  c a rM so l 2 * 6 1  g*
Eesidue. erer 2OQ°/0^ rm . ... ea.t.Q g*
fraction -t would not TCOifstallis#^ mm  n f itr  careful 
redistiifatiom * ■ . f t  was. thought to tie. tha .product of 
rearrangements t  $ 2-dip!ianjl^utaii--l-*ol * and the teowu . 
urathaaa was'prepared* ., ' . . .
P re p a ra t io n ' o f  th e  u re thane o f t ’»« presumed. .
tfiTj^ilTTi'TfflwJe'nMPS'i'iwMiii' ;«ii»wrtn'n iii hi fciirnimrr     - - i ri-rirrrmi f ^ t f e r  nfr- i • nr'linwfrr ‘nr^  ‘mi> ii^»-ii n... nf ■iTYTTfl'"**'1 ,,-~r ‘r ‘- r f  r  Tf ■'- n T Wf
1 « 2^ipbenyl~hutan~itK>f»
f ra c t io n  ,t from th e  f i r s t  experim eat CgguO».| g * )  f  
w§m iiasolTO d in. l i g h t  petroleum  and an. equal volume o f  
phenyl'.jgocy m a to  aMei*. 'A fte r two dagrs* two i f  pas o f 
c r y s ta ls  could 1c observed* rhom bs-(the diurexUs formed . 
b f  h y d ro ly s is)*  and o iu s to ro .o f  need les {the .u re th a n e )#. 
th e  %h±Qk .p a s te : was e x tra c te d  w ith  X igroin f y ie ld ing , 
the  expected urethane* aup* 104-*€^* flier#  was not. 
s u f f ic ie n t  w hite powder f o r  y to r f s ta i l is s ifo n .*
■ [ th e  c a rb in e !  e x is ts  a s  two dis& tereoisom eri& es, 
whose u re th an es m elt a t  113° un i 124° (:Eaf s t y * Oomptea . 
lenlmeBi i9 3 4 t ;142.4}3*’^  .
I t  was decided to  re p e a t the  rearrangem ent, u s in g  the  
more e la b o ra te  technique ou tlined .be low ,
Tim experiment was c a rr ie d  out in  a .500 a*o,.. 
long-necked f la s k ,  f i t t e d  w ith a side-arm  adap to r and 
ru b b e r-sea led  s t i r r e r #  fhe whole was a t o t a l ly  
enclosed system , except th a t- th e  gas i n l e t  led  v ia  rubber 
tub ing  to  a lim e-tow er f i l l e d  w ith  sodium hydroxide . . ..
p e l le ts # ' -The experim ent was thus conducted in  a d ry , 
alm ost oxygen-free atmosphere#
Potassium , (4 ,7  g .)  was d isso lv ed  in  l iq u id  
ammonia, (c ju  ■2 00  . e,e.*) i n ■the  f la s k ,  which was p a r t i a l l y  
immersed in  an a c e to n e /so lid  carbon d iox ide mixture#
A. c r y s ta l  o f f e r r i c  n i t r a t e  was added, and th e  s o lu tio n  
w as 's t i r r e d  t i l l  th e .in k -b lu e  co lou r was d ischarged  
(5 h o u rs)# ■ ■
B enzyl, 1-phe.nylpropyl e t h e r , -( ! 1 * 1 S .  g * , 
ca# M/20)* In  e th e r  (200 e*e#)y was added, when a deep 
ro y a l pu rp le  co lour developed, . ..flic s o lu tio n  was. s t i r r e d  
and l e f t  o v e rn ig h t , '•. • . le x t  day the co lour had faded , 
and only  a b lack  .p re c ip ita te ,  'w ith- a '-c o lo u r le s s . 
su perna tan t l iq u o r  remained# • ' Th.e l a s t   ^t r a c e s  o f 
ammonia were evaporated , . and a r e f lu x  condenser was' • •, '
f i t t e d  to  th e  flask*  the  s t i r r e r  being removed# A’ tube 
f ro s  th e  top  of th e  doub le-su rface  condenser led  to  
th e  soda-tower* so th a t  com paratively  dry  co n d itio n s  were 
m aintained throughout the- ■ reaction*  ' fhe m ixture was 
heated  on the  steam b a th  under r e f lu x  fo r  tw elve hours#
In  order, to hydrolyse the m ixtu re , water* (20 o*c* 
was added dropwise- -  th e  p r e c ip i ta te  decomposed* and - ...
ammonia was evolved# . Hie e th e re a l so lu tio n  was th en  
washed w ith  d i lu te .hydrochloric a c id , th en ;w a te r , d r ie d  
w ith  potassium  carbonate , and th e  e th e r  removed* fh© 
r e s u l t in g  yellow  o i l  was - separated by d is t i l la t io n  under- 
reduced pressure*  ' -
F ra c tio n  b*p*- Weight
i* 2® ./^ ■ ££*■
2, 123-126°/0s3 4.31 g.- Cca* *#>
f r a c t io n  1 evaporated when p ressu re  was reduced*, bu t I t  
was probably  propylber^ene, formed' by e th e r .c le a v a g e  -  a 
su sp ic io n  confirmed by a l a t e r  experiment#
Fraction 2 was r e d is t i l le d ':  b.p#'125-“125°/0 #^ sm ! n jp  1*J6 
I t  was. a very  v iscous c o lo u r le s s  o i l ,  e n t i r e ly  
d i f f e r e n t  in  appearance from.the i n i t i a l 'm ob ile-e th e r, 
and i t  c r y s ta l l i s e d  t o .a' mush'o f  needles* (m#p* j ^ J O 0)*
which could no t be freed  from th e  c lin g in g  o il#
With phenyl isocyanate  i t  y ie ld e d .a -urethane
which, a f t e r  repeated  c r y s t a l l i s a t io n  from l ig h t
petro leum , m elted a t  118°# . (KayserS1 s ta te s  th a t  one o f
the  d tastex 'eo isosierides o f  • l f2-dipheiayl-bttt8n~l«»ol~
phony 1 i s o cyanate B elts- a t  118°) * "
■■' -■ 016H1$° *e<3.utr®s *-■ .0*-84*91? H, 8*011 
■ . lound: 0 * 85*55|4.-H> 7*85^
^he rearrangem ent of  opt i c a l l y  • ac tive"-bm ayl l ^ i M e n y l w 6 w l> .tUWmWMWltiTB** igi ,<m ttMrtii**»»wVi mMiiin'.i».nwi« f—nwmiMH(iwuif> u>iuwrf«awnt»wi«<ia» m^nn'WunnKH ■ • ■-nfr«fnrn«w rJ<cn>wrtiw,i)to^«<wa*nww»»M«qwjjMl»Mrd>iHiUiiiJiiiil»1iW»»li>,
ether;*,, u s in g  -potassamid.e in  l iq u id  ammonia*
P rep a ra tio n  o.f th e  e th e r t
The o p t ic a l ly  a c t lye  e th e r  was. prepared by the  
method d e ta i le d  in  p a r t .c § (p*74)* fo r  p re p a ra tio n  o f 
th e  r&oeiaio - ether*
Sodium* (2*5 S*)i .was d isso lv ed  in  the  ca rb in e1* 
(10*2 g * | jjp. +29 * 06s * ( 1 , 1 ) f and to lu en e  * {10 e *c * ) was
f%
added* The m ixture was heated  a t '1X0 fo r -g  h o u rs i 
benzyl c h lo r id e *(15*2 g*)*. was - then, added* and h ea tin g  5 
continued fo r  a fu r th e r  th re e  hours*-. • l e x t , .day . th e  ... 
re a c tio n  m ixture was e x tra c te d .w ith .e th e r*  the  e x tr a c t  
washed w ith  w a te r . and. dried* ■ the  so lv e n ts  ..removed, and :, 
th e  re s id u e  d i s t i l l e d ,-  to  give the.'benzyl, ether*- 
b .p , 161°/12 m i i 13.24 g., (7S%)» ^ | 5%'?5.00°s (1,1?|
OV}°
■ 1*5416, . . '.
B earrangeaent of the e th e r t
(1) This • experiment d iffe red ;, from th e  p rev ious y 
experim ent w ith  the  raoera ic .e th e r  in  th a t  the  h ea tin g  of 
th e  re a c tio n  m ixture under r e f lu x  fo r  twelve hours was 
om itted
The ink -b lue  co lou r of the  so lu tio n  of potassium*
. (4**7 g*)* in  liq u id  ammonia| (ca* 200 c*e*), slowly, 
faded* and f iv e  hours l a t e r  the  s o lu tio n  of potassam ide 
had become co lou rless*  w ith  a .rust-b row n suspension of 
.iro n  c a ta ly s t#  . The -.benzyl e th e r ,  (11*2 g#), was then  
added in  e th e r  as b e fo re , . and the  deep, ro y a l pu rp le  
developed *. The co lour then  ©lowly faded , g iv ing  way • 
to  a b lack  suspension , and a f te r  an hour i t  was fudged 
th a t  th e  p rocess was complete# • The ammonia was . '
evaporated by p lac in g  th e / f la s h  in  a -stream ;o f. co ld  - 
w ater and. the. m ixture-,then  l e f t  overnight# ’ lexb  morning 
i t .was hydro lysed , and .worked u p -in  the  a fo re  mentioned . 
manner#:
d i s t i l l a t i o n  y ie ld ed  7 *7? &» o f the  o r ig in a l  
e th e r ,  to.p. U 9 .5 % <2.m > 5 .njjj5 1.5*5*j +7^.50°.
There was a s l ig h t  d im inution in  ro ta to ry  power, 
and a s l ig h t  in c rease  in  r e f r a c t iv e  index , c o n s is te n t 
w ith  th e  -p resence . in  the  ether* of a tra c e  of the 
isom eric oarbinol#
lediotiXXaiioa yielded two fractions*
fc*pv 25°tlD weight
«> XOO-110° /q 43_ jsa.i' 1.5456 +74.50 5.11 g
» m V  , 1 .5 4 7 8 . +63.76° 2.53 f0*1' m *
the second fraction*. willed would te  ©reacted to
con ta in  the  m a jo rity  o f  the  h i ^ e r - h o i l i n g  earhitAoX* 
allowed a, fu r th e r  d im inution in  ro ta to ry  power# a i l  m 
fu r th e r , in c re a se  in  refractive iMeac* $hi& la  ' r
■consistent with the iriew that a. trace o f the oarhinol 
was present* also# the o&rbinol has a M #:er rofrantire ' 
index than  %h e  e th e rs  a n i m ight he egcpeeiti. to  te ire  a  
lower rotatory power#: ■
(11) In a .repetition  of the previous ea^crtaent* the 
recovered e th e r  was combined w ith  a  fo r i ier q u an tity  of 
the in itia l, op tica lly  active ether# fh# reanltimg 
henEyl ather# (3*18 g*| containing a trace of the loo- orie 
earhtmoX* was meet in m  eapertaeirt which erectly  dupli­
cated the conditions ieseriheI on p*§lf as follows t
In to  th e  500 e*o> f l a s k  was p laced  p o trm sim  
C4*T £*)# ani l iq u id  ©mania* (os. 2.00 c*u>).* w ith  a 
t r a c e  o f  f e r r i c  n i t r a te #  th e  solution was e t i r r t i  
f o r  5 hours*
88*
Benzyl 1-phenylpropyl e th e r , (9*18 g#3* in  e th e r ,  
(200 e*0t ) f was added, and the s o lu tio n  was l e f t  over** 
night* ■ $ he ammonia was evaporated , and th e . e th e re a l  
suspension heated  under re f lu x  fo r  tw elve h o u rs$ ' 
hydrolysed w ith  w afer, (20 c*c* ), and worked up a s  
before* D i s t i l l a t i o n  y ie ld e d t
Fraction. . h*p* \ n |p  c>d^\ (1^1) ' w eight
1 1.^900 -  1,10 s .
2 117 /o.imm, - ' +53°(ea.) S,?4 g,(S2%)
Hesidue ■ -  ■•**■. 0*44- g*
.E e d is t i l l a t io n  of f r a c t io n  2 i  
1 120-123°/o p__ n |5l . W±5* -<*■ (1 ,1) .V * i&Uitli #. M At
ffo© f i r s t  fra c tio n , from th e  d i s t i l l a t i o n  was
?D° ■considered  to  foe propylbenzea© (which, has 4925)
formed foy c leav ag e ' o f the  ether*
■• ' ' f h e ‘b la c k ' sludge which separated; a f t e r  th e  
a d d itio n  o f th e ' henayl e th e r  to  th e  s o lu t io n .o f 
potassam ide slow ly changed co lour o n ■h ea tin g  under 
r e f lu x  and a t  t h e 1 end o f the  experim ent was a p a le  
yellow-brown# : It-w as n o t e n t i r e ly  hydrolysed by w ater, 
but a p a r t ,  which 'remained. -i&> aqueous . suspension,w as ■
so lub le  in  aqueous 'hydroch lo ric  acid# ( I t l ) ,  to  give
• : '• ;
a yellow  solution#..-’,;.''.
&•• ■ ■ ■ I t  is/assum ed from, th ese  .re ac tio n s  th a t  th e  
p rec ip ita te . to  ■thtzetheree&isolutioxi contained iron from 
the- f e r r i n  n i t r a t e  which .d isco loured  th e  r e s t  o f th e  
■■precipitate*h i  .,./g'
; ' ffies©- two - experiisentii suggest th a t  th e  p a ta e s io -
d e r iv a tiv e  o f th e  e th e r  i s  s low ly ,converted  in to  th e  
p o fa ss lo -d e r iv a tiv e  o f th e  rea rran g ed  earM nol tu rlng- tli 
r t f lu x ln g  o f  I t s ■t t h a r s a l :suspenslon-seXutian.* . ■
Bearrangem ent- o f :ffe e o p tIo a lly  a c tiv e  e th e r  *rrri-.rix^T-Ti-wTrwri«irnrj?A-- nm mm r r i r — y - q - ’ r: inr;j-T -r^-!a' -r trr——  —  — .^..
( i l l ) '  A seoonl sample o f th e  o p tic a lly , a c tiv e  e th e r  was 
■prepared .from aXeoaol o f 4*28*24 ( 1 41 | homogeneous)*
Q
i t 'h a d  : *55*|3  : (1  fl |  ■•.homogeneous)* . I f  may foe 
po in ted  ou t th a t  w h ils t  th e  o p t ic a l  p u r i ty  o f th i s  
specimen o f  1-phenyX propam -l-o l i s  97y>f th a t  o f f h t  etiaer 
derived  from i t  - I s .o n ly  89;* o f th e  h ig h e s t x ceorded value* 
I f  i s  p o ss ib le  th a t  t h i s  iiE crepaaey  may fos due to  
.prolonged h ea tin g  o f  th e  suspension ' o f  m eta llic . sodium in. 
th e  n ea t o p t ic a l ly  a c tiv e  e a rb in o l. In  t l r is  txpwrimemt 
th e  to luene  was no t a ided  u n t i l / 'a t  l e a s t  an hour a f t e r
O'
th e  a lc o h o l/m i  m etal had. been. mixed,' ami h e a tin g - to  1 1 0
begun* ' W  f h is  means, h ig lie r y ie ld s  h a t  f e t a  ©Mained 
i n  e a r l i e r  work* th e  tiso rep an ey  i s  d iscu ssed  in  
s e c tio n  I I I  o f  t h i s  th es is*
fixe benzyl e th e r  was mixed w ith  f r t a s s a s d i t  to  tfoe; 
aforem entioned » a . i r i bu t th i s  tim e was' refXuxoi. in  
eyolo^hoxaiae,./instead," of. - in  e th e r ,  'fo r ' 24 hours* ■ She 
reac tio n : m ixture, wes -..worked1 up as before* ; when' th e  • 
e th e r (3*38.&■*■}..-gave.;the.'oarhlnoXf fo*p*I25^/A *- ■ I
«j»o 25° ■ .  ^ s n  i
n^l*5S44 | ^  ^  .*21*20/ r ;|l,Xs homogeneous) (1*19 g*y 
fiiio product tod . a rotate?y power-, which- is  .ca. 55fl of the 
vatoe of ■■■the.- preceding.' prepsratl on * 'to .: ' '
IJearrangwont--of-,tho o p t ic a l ly  a c tiv e  ether#
( iv )  'A t h i r l  'sample of the o p t ic a l ly  a c tiv e  f t  h e r was 
prepared  from, the { - ) -a lcoho l .which, was o fo is ia ti from the 
s t r y chntoe' s a l t  o f  t ? e hydrogen, phthaiate* f  ie aloohol
had offp~28*5Q° (l*If homogeneous) f while the • resulting
• ■ 25°■ o ;. 'other :had ;**35*$4 (X*Jf .homogeneous)* /■ ■
■\- '■ : x d im inu tion ; s im ila r  to ' th a t  noted. above I s  id  
be observed , l a : th e 'r o ta t io n  of th e .e th e r* / . .She o r ig in a l  
carM mol was 98 .^- o p tica lly ; pure,, whereas ^thc r e s u l t in g  : " 
e th e r  was only '47*5$ o p t ic a l ly  p u re .*: t o :ih i a  ease ' th e  . 
e th e r  had been prepared  .from .a omr'MnoX which.-had been ' 
heated.for-, two hours, with.sodium- a t  ■about-159- b efo re / 
to luene 'w as added.*
.A fter,' trea tm en t w ith  po tassan idc  , and removal/-' ■ 
of. th e  ammonia, ■ the. ( - ) -b e n z y l9X-phenylpropyl o th e r  was '/
heated  in  e th e r  under r e f lu x  .fo r .a  t o t a l  ..of. 20 hours* a&i
them  worked up .in  te e  normal manner* ,
: v f r o m  10 #60 g* o f  kenssyl ether-; th e re  was e h ta in e t
: a P%°
a  esrb i& o l, 58'#) l>,p« 125 ' / n „ ' 5 »w 3.*5«38*
ote ■ ‘ o ' y*** £&1*. M:
©te- *-12 * 30 -(1 ,1 ; homogeneous} f which * I s  cm 33^ :,# f th e
h ig h e s t va lue  * ■ . ’. ' . ;■ ’
tyuetere ...o f‘''the ■•preduet o f - rearrangem ent1, o f  hen&yl 
•^henyipropvl ether*
. ^ rid fn a#  # f  th e  preseaoe ©f >.&' hydrosyi-group i
tre p a n a tio n -o f  th e  phenyl u re thane
fh# rmetmie rearranged  m a te ria l.f  [ 0*2 g*) -was heated
w ith mi equal .volume o f phenyl iso ey au a te  f o r  f  i f f  te a
minute© on th e  s t e m  hath#, - B e e ry s ta i i is a i io n  o f  th e
r e s u l t in g  w hite .paste  from l i g h t  petroleum  gave a  w hite
© '21m ie ro c ry s te lliiie ;p o w te rt. s.*p* 118 f ■ [K ayseri : - te e  pkasy l
u re th an e  o f - th e  - ' fo ra  o f  l f2*dipieiiyl-'femfa3i**l-«tl
ohas sup* IIS ■ *■■
p re p a ra t io n ' o f  th e  hydrogen p h th a l lo ■ e s te r*  v
■ ■ "Exactly ■ ecpivaXant q u a n tit ie s , -of th e  - suspected  
C i)-l* 2 ^ ip h e i^ i^ h u ta n ^ l^ © l0 :' (1*31 j*)-s aud resuhlim ed
p h th a lio  anhydride f  {0*8§ g*}  r  .were t e a t e f  to g e th e r  in  
dry pyrid ine*  -Cl. ©#©.*)f ;'f©r tw o.hours on te e  steam h a th
and teen acid ified  with d ilu te  hjrdroehlcric acid* 'A. paste 
separated| which'was dissolved in:chloroformf Cf 0*0.) and 
e th e r ,. (1 ' o*e*.). * ..ami cooled* ■ .After.. t e a . la y s  a  colourless 
so lid  separated which * after recrysta lllsa tioa  from* henseae
■ V ' ‘ ■ ■ • . . O'  *'and l i g h t  petroleuai ImA. m«p*. 148 * , ■
w 'M a ly s ia t  : .
O4.603g* - hydrogen phfhai&te. dissolved, in  ID 0 *0.#.'.neutralised 
methanol* required f*46 c*c* aqueous'.KaDHj§#2111} ..far 
netttralisatioa’to phenol phthaleia* ; ■
'E q u iv a le n t w eight « 0 *603. as 1000; « 376
. yT^XS1
•C alculated f o r  0«*B’ J> , 1 374*■ ;■ 24 22 4
. from- i t s '  method o f form ation  te e  a lco h o l could 
he. secondary © r .te r t ia ry *  so- th e  fo llow ing  t e s t a  were
Method. Is  ; O xidation *. ’ ' ’ ’ \  '
The.. ■(£) carh ino l*  (0*7 g*)g d isso lv ed  in  
g la c ia l  -a c e tic  a o ii*  '(1 o*e*)-amd chromium 'trlosdlde ( 0 *Sg») 
was added, in  sm all .portions* A-vigorous re a c tio n  took 
p la c e ,  and a  w h its  m olid w m  is o la te d  from te e  re a c tio n  
m ixture* ■ fhe s o lid  separa ted  from acetone in  n e e d le s , 
m.j>» .57-59°* C i1j .l( - t ) ,s >ba*df has m.p, 58°, s-ef, 29.)
In methanol*- the'ketone gave a dark rod precipitate  
with 2#4-d in itr0phenyl■ hydrasine*
Method t i l  .trea tm ent w ith  jbydro'chlorlc. a c id * '. -
Sxo ca rM n o I* ( oa * 1*5 g * )  * was shaken, w ith  ■.-
concentratea hydroohieric "acid, (2 e,o*) , ami'i i e t h y l  eth er ,
(5 e *o ♦} # fo r  fo u r hours a t  room: tem perature a n t l e f t  over*-’-■ ■
might* ■;: ■ f e x t  day: th e  m ixture was tra n s fe r re d  to  a  ©vp o ra tin g
fm m ei,--th e 'aq u eo u s-lay er run  o f f  , nn i a  s o lu tio n  o f e a u s f ie  -
p o ta sh , ( t  g*. in  f  e»o* H O), was: added* .'."iSSxis was .shakeii
2 ■ 
f o r  twenty m inute©,"md the- aqueous la y e r  run. off#  fhe - -
e thercai.' e x t r a c t ; was washed w ith  w afer$ d r ie d  w ith  potassium
ca rb o n a te , and -the e th e r  removed*"■' !£las r e s u l t in g  alcohol- - -
faaAb.p; ■ "■*■ . :. v f -Qf z  s m
T m  sam ples o f  the  rea rran g ed  o p t ic a l ly  a c tiv e  
aarMnole « r #  each treated twice by the above method, the 
r e s u l t in g  ro ta t io n  .being th e  ©am© in  m m h  ease# fu  prove, 
t h a t  t h i s  was' th e  low est value- o b ta in ab le  by lyd ro o M o rie  
ac id  treatm ent*  the  s e r a i  1 sample- was- tre a te d '.a  t h i r l  M ss* 
fhe r o ta to ry  power© .of’th e  v a rio u s  oarMiioX samples 
wore a©.follows i-*-■
14 ,
Pample t  ' '■'■■Sampla- I I
' ■ h^CI*X ) ; fXJ25{ in  es ) B ’ - 2 • ■’ . , jw . ■ . :. . . Ip<L (in.13 0 S 9 )
U ntreated  
.material..-;):. , +37.74° n o t taken ■'• *37.74° n o t taken
A fte r 1 s t '  - 
tre a tm e n t ; te a .+8 ,4  1. -nftwua*,: ' 28*8 ;■■■■ Oa +10 , 4 ; +4f*0 ■
A fte r 2 n d  .
f r c m t m m t i  t ■ cm. +?*§ .. ‘ 27.1 ■ - 'em '+7*0
A fter. 3 rd  ■ 
freafraemts . n e t taken +as*5#* 
' ■
A ll 'v a lu e s  o f ©< a re  fo r  (1 .1 ) t and v a lu es  o f K L  were.JP ■ ■ ■ ■ ■ • ^
o b ta in e d ' in  carbon M sulphide. s o lu tio n  {c#5)* She va lu es  
la b e l le d  ,#ea* were ; taken :'.on homogeneous m a te r ia l§ 'b a t an 
a c c u ra te ' re ad in g  coal cl not, b t : ta k e n  because th e  l iq u id  was 
supercooled and: tended to . e i^a tU X lia# , .
: It w il l  he seen tb a t  t b O ' v a l u e s ■ a re  til# mmmf 
'w ith in  the  l im i t  a o f . e rp e riraea ta l e rro r#  , t
#■ ’'' T h t&' product was sep a ra ied : in to  two c r y s ta l l in e  f r a c t io n s  
. by -c ry s ta l lis a t io n 'f ro m  l ig h t  petroleum s :
, . a .  2s'#p * 90-95°* rhombs, c i y s t a l l l s l a g  from l i  h t  setro lsub
b% m*p» 41-42 , g la ssy  p la te s ,  r e a d i ly  so lu b le  im. c o l t
*“ . 'l ig n t  p t t r o l e u a , : ;
** lower value p o ss ib ly -d n e 'to  :.the nreeence of a  w hite  
■ c r y s ta l l in e  .m a te ria lt ®*p*. alm ost in so lu b le  in.
2 “  p ro te h ly  e th y l s t i l h e a e # tb*  «*bjr4« r t i 9tt proftnot*
" l~Phenyl-propaa«*l*-ol» (10 g .) f  w a s 'iM td  to  a 
solution o f  sodium, ( 1 *? g*)* in  methanol, (50 e* c* )t 
and tli# excess'of'methanol'removedunder reduced, 
pressure*  : Methyl io d id e , (15 g * ) t • in  ether#  (10 c . s , )
was added to  the  cooled so lu tio n ,' and, th e  m ixture .* 
heated  on the steam h a th , .the e ther*being  allowed to  
evaporate u p  th e  condenser* the cooled re a c tio n  
m ixture was extracted w ith  e th e r ,  the..e th e re a l e x tra c t  
washed w ith  w ater, d r ie d  over potassium, ca rb o n a te , and 
the e th e r  evaporated#'. fhe, residual o i l  .was th e n  • 
'fractionally d i s t i l l e d , ■to  y ie ld  4#£'g* m ethyl,' 
1-phenyl-propaa^l-yl, ether, b.p* 77^79°/^^ m.*"'
o.f\0
nn -t1.4093* • 5»9g* l~phenyl p ro p a n e l-o l 
b .p .  103- 9° / 1? was recovered . Cam® o r ig in a l~ X / Xau*
ca rh ln o l had b*p# ID S -llO ^ /^  mn )
Attempted rearrangem ent of the  e th e r t ( 1 )
*^ B ®*W m il**l*JW^Irtll»»tM>'WNWIIMWMn*»<Wanill»lMW'lWi»l''IIW ®«W|M«nwP»*«l»l<niTI<l|i«lWlli>UUMi|Wlll'' W WIM'i* WTIW .11 1)1 WHH lKIWEMtraW MWEWMIW—EIWWMWWgWttt
Methyl ( l-phenyl-propaa**l-y i} e th e r , .  (5*? g*» ■' 
ca ll/40 ), was d isso lv ed  in  e th e r , (10 c .o * ) ,  in  a two*
necked ■ 1GG c*e* flask*  . The f la sk  was flu sh ed  w ith. • 
n itro g e n , and phenyl lith iu m  in  e th e re a l  so lu tio n ,
( s l ig h t ly  more than  1 eq u iv a len t) was added. There 
was none of th e  expected red  c o lo ra tio n , even a f te r  
156 hours a t  room tem perature* ■ .The hydrolysed m ixture 
was. e x tra c te d  w ith  e th e r ,  and washed w ith  d i lu te  • 
h ydroch lo ric  ac id  followed, by w ater u n t i l  n eu tra l*  ■
A fte r d ry in g  w ith  potassium  carbonate., the  e th e r  was 
w a p o ra te d . The re s id u a l  o i l  d i s t i l l e d  com pletely a t
b*p* M  • The s in g le  f r a c t io n  weighed 3*44 g»
Ith y l-m e th y l-p h en y l-c a rb in o l has ‘b.p* 105°A ^  ^ |. JLo mM*
m ethyl, 1-p h en y lp ro p y l. e th e r  has b#p# 77~79°A *  _ •
I t  was assumed th a t  rearrangem ent had not occurred*
Attempted' rearrangem ent o f the  e th e rs  ( i i )
w niiw,.m .,ig ,>—MWiiiii«wMti<iiiifjw(iimmiuJjmm uw n'.wu ui»miw*wctw*wiwhhi ■ww rninn—tiiii im*ainiw.miWMt ^  *
.P o ta s s iu m , (2 .5  S*) was d isso lv ed  in  l iq u id  
ammonia (200 c*c«) and a tra c e  of f e r r i c  oxide wes added 
as a 'c a t a ly s t  fo r  th e  form ation  o f potassami&e* When the  
co lou r had d ischarged  (5 h o u rs), d ie th y l  e th e r  (2Q0 .e*o*> 
was added, follow ed by a so lu tio n  o f m ethyl, l-pheny lp ropy l
97.
e th e r  ( 5 * 8 2  g*) in  d ie th y l  e th e r  (50 e*c*)* A fte r  th e
aimaonia had te e n  b o iled  o f f  * the rema.in.iag b lu e -p u rp le  
so lu tio n  was heated  under,reflux- fo r  20 hours,- a f t e r  which 
th e  m ixture co n sis ted  o f a c o lo u rle ss  l iq u o r  over' a b lack  
p re c ip ita te #  Water was added* when:ammonia was evolved, 
from unchanged potassami&e, and ;the e th e re a l la y e r  was 
separated*  washed w ith '"d ilu te .h y d ro c h lo ric  a c id , and d ried  
w ith potassium  ca rb o n a te» ■ - fh e 'e th e r  was evaporated o f f  ’
©n the steam b a th  and the  re s id u a l o i l  d is t i l l e d #
fh e re  was ob ta ined  one ' f r a c t io n  on ly , b o il in g  a t  70° / ^  mm* *
Off '
n £  t 1*4880 |  weighing* 5*5 s* '
lo  t r a c e  of th e  rearrangem ent product could be 
detected*
ffihe* attem pted rearranftem ent of, benzylV 4-metbyl~ben&hy&ryi
ether*
P re p a ra t io n 'of 4-m eihylbensophenones' (D avies, .Kenyon e t  al» * 
J * 0 * S *, 1954,’ 5475) ^ *  .A m ixture of beaaoyl ch lo rid e  
(25#2 c*c#), and to luene (30 c*e#.) ■ was added du ring  2 hours 
to  a s t i r r e d  suspension o f . aiummium ch lo rid e  (20 g*) in  
to luene  (50 c*e*) -.A fte r b o il in g  fo r  two hou rs , w ith  
v igorous s t i r r i n g ,  the m ixture was coo led , poured onto aa 
-excess of ic e -c o ld  50#  aqueous h y d ro ch lo ric  ac id  and worked 
up l a  th e  u su a l manner*' • "4-methyl benzophenone' was ob tained
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as a p a ls  yellow  o il*  which, c r y s ta l l i s e d  from l ig h t
O fp etro leum .as yellow  n ee d le s , m*p* 99-60' ■• ( 9 0 %)#
4^methylhengliTd.ro 1 1 S ine dust (40 g*) was added slow ly 
to  a s t i r r e d  .so lu tion  of th e  ketone (35 g*3 anci potassium  
hydroxide (40 g .)  in  96% ethano l (200 c . e . )  A tte r  
h ea tin g  fo r  an hour ea the. steam "bath, th e  s o lu tio n  gave 
4-*methylhenahydrol. as an o i l ,  b*p* 143-143°/o wm. On " ’£, mm
c r y s t a l l i s a t i o n  from l ig h t  petroleum  th e  produet was 
obtained ms needles* m*p# 51-93°» 31 g* (73%)
.Bensiyl* 4~me thylbenshy& ryl' e ther?
■' Sodium (3 #48 g#) was melted in  b o i l in g  to lu en e  
( 5 0  0 *0 *) under v igorous s t i r r i n g ,  and #~m©bhylbenshydrol 
(50 g#) was added in  to lu en e  (50 c*e*3* fhe m ixture was 
heated  on an o i l  bath  u n t i l •ev o lu tio n  of hydrogen ceased , 
and then  benayl c h lo r id e ■(19*2 g*) was added in  to lu en e  
‘(20 0 *0 *) T h e  m ixture was heated fo r  f iv e  hours under 
r e f lu x ,  coo led , and w ater was added* T h e  .to luene la y e r  
was separa ted  and d i s t i l l e d , - t o  g ive th e  benzyl e th e r  
(23*5 S*).t • b*p* 189°/s ^  . fhe c o lo u rle s s  o i l  s o l id i f ie dc* iniii»
to  a mass o f .n e e d le s ,'tu p *  48°.
A nalysis?. C ^ B ^ O ; require®  d , 87-46%, • 1 , 6*99% 0 ,.5*55/
' found ' C, 8?.21%, S, 6,39% ■
etber*
' To l i q u i d  mmo®±&f (250  e*e*}?-was -added potassium  
m e ta i? ( l  g*)?-and a t r a c e  o f  f e r r i c  ©side# ' th e  mixture' 
was s t i r r e d  fo r  th ree  hours , by which time i f  h a d '"beeoim 
c o lo u rle ss  * and 'bensjrls4^ro tlijlhenslijc3 rjl e th e r  {5*6 g*) in  
d ie th y l e th e r  (200 c#c* }  was added* A rich*  r u s t  red  
co lour developed? which fade a when the ammonia was 
evaporated off*- Hi©•e th e re a l  m ixture was hea ted  under 
re f lu x  -for fo u r hours* cooled* and w ater was added.* The 
e th e re a l e x tr a c t  was firiea over potassium  ca rb o n a te , and 
evaporated  to 'd ry n ess*  g iv ing  an o i l  which ra p id ly  
c ry s ta ll is e d *  fhe c ry s ta ls * (4*5 §:•}* were id e n t i f ie d  
as t h e .o r ig in a l  e th e r  by t h e i r  m olting  po in t?  mixed 
m olting  po in t?  and b o il in g  point* .
th e  experim ent was rep ea ted  as above? b u t u s in g  2*6 g* 
o f  potassium  m etal? and 6*40 g* o f benzyl? 4-m ethylbenahydryl 
e th e r  in  to lu e n e ,(150 e#e#}* The to luene  suspension 
r e s u l t in g  from evaporation  o f  the  ammonia was heated  in  
the  b o i l in g  w ater ba th  fo r  14 hours? t a t  on wording up 
the  o r ig in a l  e th e r  was recovered? in. 60$ y ie ld ?  to g e th e r 
w ith  ta r r y  decompositicn produets which could n o t be 
id e n tif ie d *
100*
■ flie experim ent was rep ea ted  as above? again? 
t a t  u e tsg  1*4 s* potassium  m eta l'and  5*90 g* o f benzyl? 
4^-methylbemsliydryl e th e r  in eyclchezane , (150 e«o# )* She 
eyelohexane suspension. was hea ted  for two hours on the 
steam la th ?  t a t  cm wox x up' 8 0 $  o f the- o r ig in a l  e th e r  
was xocovered*
f lia . E eao lu tioa  o f 1 -p liasy ip ro f 
f f l io n f l^ tth y l-c a rb in o l)  in to  i t s  (*) 
m M  f*4 ioom tre* ■
f h t  re s o lu t io n  o f I~phenyl-pr0pa»~l-"*>l was f i r s t  
e ffe c te d  by Pickard, and Kenyon fy*0*I*# 19X1* 99* 4 5 } ^  
b y  tint f r a c t io n a l  c r y s ta l l i s a t io n  o f  the ’b ruc ine  and 
clnchonid lne s a l t s  o f th e  hydrogen su cc in ic  e a te r  o f  th e  
( t )  alcohol* fh© bruoliio s a l t  y ie ld ed  th e  a lcoho l w ith
[ a ] |^  +27.35° w h ils t  the eincUoi l i i n e  s a l t  yielded th e
- 1$,?# - .. o - _  . . 17.!$' • a
a lcoho l w ith La, .3- * *»2S*83' and Ca 3-n ' ~29 *07 * I t  was
«&/ - . . -
shown that r i s e ' in  tempcraters gives a moderately largo 
increase-JU x;th e -v a ln e -o f ’tdj^*.'.' ; h
I t  may he mentioned * in  ■ passing* that riekard an.&
Kenyon f i r s t  attempted the r e s o la t i s n  by Means of. th e  .
strychnine s a lt  o f the hyirogen phttalate* hut were misled
into 'believing that resolution was ineffieiem i owing So
th e  sm allness o f th e  v a lu es  of o f th e  (a c tu a lly )
resolved hydrogen, phtealate eater* ' i t  that time the
m arket in flu en ce  o f so l ren ts  on rotatory powers was
incompletely realised* ’ . ’
' Some 15 years la ter  Xevene m& Zl'kmkm (I.Biol-*
31 xOheau* 192Sf. W 9 353); ’.desc ribed  th e  re s o lu tio n  by means 
o f  th e  f r a c t io n a l  e x tra c tio n *  w ith e th y l a c e ta te # o f th e  
s try e h ia e  s a l t  o f  th e  hyirogea p h th a iio  e s te r*  fhe 
a lco h o l had «*55*5° (£* 101 th e  solvent- i s  n o t
' *«*r
named* hut probably was ether) *
fhe hydrogen phthalnte# from which th is  alco h o l
- g0O- .0
was obtained 9 had the sm all value, [a ]^  ~?*9X':§ again
th e  solvent i s  n o t named* b u t was p robab ly  ether#'
la te r  . s t i l l  levene* .Eobhea and Mmrn (J*3i 0l-.dtea*:f 
. *0
'M3? $ - jyi£i ■ 77?) ’■ repeated the ^resolution using the  ^®m®.  ^
salt,'ana obtained (^J^l^phCiiyX^ropaix^X^’i. with : ^
£ a ] ^  . -2 2 ,2 °  I k m ® g m m m ) . *
Bearing 'em the %uestion o f the value o f [eil| .for 
the ''optioally pure 'a lo o h o l 'i t  "m®y fee. reeerded th a t  Puveeu 
im & '% & n p0n /'(£*8*$* '$ 1039.* X # ? )  f h a tin g  ob tained  what 
th e /  b e liev ed  to be opti sally' pure hon^ la iX /i aloohol
* O "*'** •
with :~2§*08® 'reduded i t  with h/urogei at
2 atsM&sphsyes (nic&sl' eat&lyst) mad obtained
oaO 20^ • ' ■ ' ■ © .
propan^l^X■’t*\3 1*5128) with. +26*32 " -teieh eiosely
agrees with the value, obtained by d irest resolution* fhese 
resu lts  suggest that ofi ie a l  purity w s  achieved in  th# 
resolu tion 'of both "the Saturated arid the 'taeatura*e& 
©loehsle#
'."It i s  also- 'of .interest 'to'nett that th is  aloohal*
OA^  ' 0 .
possessing Cd]  ^ '410,6 (in  ether} j&,10)'has been"" 
■Obtained'by the'motion o f  '{+^ iso b oi!nyimagnesiuBi' eh lo r ile  
On proplophenone w m  example o f as;';nno fcria synthesis: ' 
(Tavon. and 'MgelOp' eomptifead#*1947* 224* 1435)^* ' ■
Present work,*:.. (
• '" ' 'AS 'deseribed. in  the #^p©riia@atix seotion.*
■(t)*l^phea^*propan^l-^ol wm obtained in  95  ^ .yield by 
the Meerwein-tonndorf r e t e i i e a  o f propiepheaone with 
■ aluminium
fke (X) hydrogen pht&alate# obtained by heating" '" 
a  mixture o f th e  alcohol: and phthalie- a a b /d r i ie  w ith  - 
pyridine m  th e  ■. steam h a th  f o r  two hours a f t e r  i t  had. ■ 
become homogeneous# separatee from fce&sse&e in  plates# 
m#p* 63-65®#■
fhe hydrogen phthaXate was t ia s o lv td  in  ace tone* . 
and-an e fu im elee ttla r f u a a t t iy  o f ^uiuidine-was'.iadded*- 
f h t  r e s u l t in g  s a l t  was r  eery s t a l l !  sed from acetone 5 tim es # 
y ie ld in g - th e  pure C t)^ i^hoay lp ro faa* l*yX  hydrogen p h th a lie  
e s t e r  q u ia id ia e  e a l t f  ; ■ m*p*'* X60O;.#
She f i r s t  . f i l t r a te ' from, t h i s  o rysta lX isafiom  was 
concentrated*  f i l t e r e d *  and decomposed w ith  d i lu te  
tiydrtehX oria ac id  i s  y ie ld  th e  o p t ic a l ly  iispu rt ;(**)~hydrogen 
p h th a la te * ,. I t s  s t ry c to ia e  s a l t  was prepared  l a  e th y l 
a c e ta te  so lu tio n  and. r e o r y s ta l l ie s d  from th a t  so lv en t four-- 
tin e s*  y ie ld in g  the' e tryo liine  s a l t  o f  the  o p t ic a l ly  par#
.. Q
(^)*hydrogen p h th a la te#  m*p* X84H5V-
C oncentration  o f  th e  mother Xic|uora yielded, 
f u r th e r  crop* of. th e  s a l t .
She- a c tiv e  hydrogen phthel& tes*r.;n-I;—irrjnilT jninimi. Hiirrairir.riiw.-r“tr^ TiV-^ frr- /"i;1" -1 •***. -  • ------
th ese  were ob tained  from th e ir ' re sp e c tiv e  
a lka lo i& al s a lts *  from th e  fUimMine s i l t  by decomposition, 
w ith d i lu te  hydroch lo ric  a c t i  aad-from -the a try eh n in e  s a l t  
by decom position w ith  d i lu te  phosphoric■ acid*
i d s .
t h «  h ig h es t ro ta to ry  powers ob tained  weres'
(+} hydrogen ;hthalat«t +92 6°! (c , 5 } l , l j  la  OS ) ,
( - )  " ' * C a ] |2°-3 0 .4 °J  {£» 5 }l,lJ  in  o t j .
fke <♦)' phthalate eiy stall!&#d ©fief
a^omt tw elve mo&tbsi* mM. was ’reerysfalX i& ed from X i^at
■ ' » . ■ 'O'
petreleomf i f  formed Xoag silk y  needlesg sup* 3$~19 »
fbe t*4 ester didr8$t eryet&iiijse even after ■
k t e f i a g  f o r  '
ffie s o t if  t  earMnols, i ‘
H firoX ysis o f  tb s  (+)~hy dromon. phtbal& ie w ith  
51' caustic soda m i Bmbse^piiit siem^lstiXX&tion of ill# 
Jbydrolysate yielded. the fully. active carbiacl*. which. had 
the following pSagrsleal properties i
o / 5° 1.5130} !>,p. 9 3 -5 5 ° /.,"  '! 4 5° +29.OS0 *(1 ,1 )*
u  ■ ©!!'#■ -0 ■ : ; li®ifemegeaeoms
H ydrolysis o f  th e  pMh&l&ie w ith  5^
cams t  i c  soda y ie ld e d  th e  a c tiv e  ca rb in e ! s 
^ l . l l T O j 'D . p . ' S a ^ g  TOtl a | 50-23 .50Q, (1 ,1 ) bsaogeneoas

.. AliMlaimit (40 was 'placed i n  :n  3 l i t r e  flask# m i  
absolute isoproga&ol. f l/X iir# ) '. was.misted* ■' ' :&e flask  was 
f i t t e d  w i th 'm, e ff ic ie n t ...refluxmonde&eer# and m ercuric 
chloride,' (A*!*/jprrndf * ..0*5 g *) was added-to-.catalyse the  
forsaatioa o f  aluminium ± m y g m m z t i & *  T m  flask  was ‘then
- .m m m mts*a>r*
heated on .the; steam /hath for three hours# u n til the aluminium 
had entirely  iissoXrat* to g if t  a grey .liquor* frepiophenone # 
(red istilled*  b*p# 103^4°/^ ) was po rrcd into
the reaction mixture * ' tad ' the flask  was heated ander-. refltas 
for a farther hour* : ft* e. acetone was fchen removed hy. 
d is t il la t io n  at Reduced pressure through a" simple fraction-* 
atla-g"'eol«mn%: ’ After t  *o hours f tha remaining t.aopropanel 
was reiaoired by''di&txilaticn# the solution being concentrated 
esmneli as possible* I ach .frothing- took place at- th is  
stags* ; ; finally' # the' alumiJiluia complex wm poured into m
excess o f ic e -c o ld ■ dilute, sulphuric-acid .{3$t ' t 'l itr e s )  ■'
.extracted..w ith;ether in  a 5 - litr e  separating funnel# sad the
ethereal extract o f ; th e 'carhinol was. dried’ with fotassimS ': • 
carbonate* ■ She o th e r was routofed ou th e  steam la th #  and 
the residual ■ o i l ■ was d is t il le d  at reduced pressure* ’
f i e l d » $ 6  grams o f  l^pheny lp ropcn -l-o l*  b*p# 108*410®/.«■■■■■'. ‘ - • ■ lo  m*■<s*v ■ * .n  ^ ■ 1*51*91*
f h i s  i s  a  y ie ld  o f 9 5 ^ - th e  experim ent was rep ea ted  
on se y e ra l  occasions w ith s im ila r  .or s l ig h t ly  h ig h er y ie ld s*
.: • P h th a lie  anhydride (109 g« ) . was ' d isso lv ed  In  ho t 
p y rid in e  (100 c*c*) o n ,th e  a to am .h a th .an d 're p re c ip i ta te d
by cooling* l^phei3ylpropairf,^ol (90 g*I was addedt m l  
th e  re a c tio n  m ixture heated  on th e  s t e m  b a th . f o r  t  a h o u rs . . 
a f t e r  i f  te d  hceone homogeatoma* I t  was them cooled and, 
p laced  in. a  -separating  'funnel w ith ic e  (on# £00 g*} Shilled , 
d i lu te  hydroch lo ric  a e i i  was added u n t i l '  the. solution..'was ' \  
a e id  to  oomgo red* and th e  upper layer.w as e x tra c te d  w ith  
'e ther*  ' 'flie t t i ie r e a l  e x tra c t  who, washed thoroughly  w ith ’ 
IM jydreehlorio. a e id , and then  w a te r, t m t i l : a l l  th e  p y rid in e  
had .been removed* .- I t  m m  them: d ried  w ith' calcium  c h lo r id e , 
th e  ■ e th e r . removed om t h e : .eteam :hafh# ■ end the ' r e s u l t in g  o i l  
allowed ■ to  ■ c r y s ta l l i s e *  . t h i s  c r y s ta l l i s a t io n . 'was found 
to  be in h ib ite d  by t r a c e s  o f  pyrid ine#  ' She' hydrogen 
p h th a la te  was reerystalX X sed from .henzene^ llg ro in# .as ''-  
c o lo u r le s s  p la t e s ,  m*p#.63*$*V 
f i e l d  I 199, §* SC^ w ith re sp e c t to  the  ca rb in e l*
■ -fhe hydrogen phthalate {0*7 €*) was combined- 
with "the'appropriate .'quantity of the following.' alkaloids, 
in  order to obtain-well-.defined crysta llin e sa lts  t 9^
B r u o i n t : mainidlite. (0*3g*) ; quinine (§*%*) f v. 
cinchonine ■ ( 0 *8g») 1 ■"■ piadhonidine .( 0 *%*) f . strychnine ( 0 *8g 5
Sveutu a l l y 't h e  qttinidihs-’- m i ' s t r y c to ia e  's a l t s  were chosen,. 
m .  being- most s u i ta b le  to .b r in g  ou t th e  (*} . m i  .{**) isom ers
ro sp e o tiv e ly *,:•;■ .. . ; ■ ,; .. , '
f r a c t io n a l ': c r y s ta l I i s a t io a ’ o f  th@ eniiniSlae a n i S iw c M in a  s
iqrTi>rrroiiwiiriro.i#fjumcn¥»rrrn;fcimniiimmiim''mfiji..mjwm#ww*wii» 1 iijrw iyT^nii i^iwr! ii-iiiiini*'in>¥ >r*  m n n in -iTi*(.inri •ii»<r[f*»TirtriiiTii* <<mi i^[i|ii| iiin,i*#iifiii»niiTW>iiiirri|Wri*Mii itmTr-»r-r-j*nrir i-m - j -rr---iiiiiT-nir i( 1m r-iii^ rtf f i« ^ .^ ~ ^ rrM in f‘iitT‘--'-],--r'[T-Tr-lT-rTT —rT-nm^rtr
'■ /X^heaylpropyX Jiylrogeii^plitlim lato. {£3%*-} was 
dissolved; in  acetcme 0 0 9 ' o*e*). sad t %m. f u i a i i i n e  
ecju ivaleat amount)' was added l a  s m a ll 'q u a n ti t ie s  a t ,  a  tim e * 
More aee to a# "(500 0 *0 * ) was’ad iodhsal tlio 're a u ltla ii. 
suspension was heated. oil th e ’ s t e m  b a th  t i l l  so lu tio n  was 
alm ost complete* -: : flria flask . was coo led , ami th e  e r ^ s t d l i n f  
p r e c ip i t a te '. f i l t e r e d  eff'-and''washed w ith  aestone  0 0 0  o*©*}' 
which' was' - added to  ’ the; f i l t r a t e *
■ ’-$he:p re c ip ita te 'w a s  . f r a c t io n a l ly c r y s ta l l i s e d
5 tim es from ace to n e , th e  m eltin g '’p o in t ’o f  th e  s a l t  r i s i n g
© ..-,.■ © . ■ , 
from '££*,110 -fo r  the  f i r s t  c ro p , to  160 f o r  tu e  f i n a l
o p t ic a l ly  pure .sample *. ’ ■ 'She ro ta to ry  power of; a.- s ta p le  of
hydrogen phthal& ie , d erived  from th e  f i f t h  crop was.
[ « ] J 5 +92 .0°, {JL.il . £ .5 !  . i a C S p V : . ,
; . th e  f i f t h  crop was r e c r y s f a l l i s e i  to -.ch eck -its  . 
o p tica l..p u rity * , ■ ■ th e  ro ta to ry ; power o f .et..sample o f the '. 
hydrogen p h th a la te , -from th is  s ix th  ..crop, was th e  s a m a ra ■ ' 
t h a t  o f th eh y d ro g en  p h th a la tc . from th e  f i f t h  cros# w ith in  
th e  l im its , o f  esperimsntaX, error*-
■ weight o f .s ix th  crop# S3§*
Weight o f  other-: crops is o la te d  from th e  mother
l iq u o rs  ■ 'and- estimated'-, to  b e  e u b s ta n t ia i ly  o p tic a lly . ■ - .
p u re t - 90g* ■■•■' .
; '. .J h is4 s .e q u iv a len t to  a  -63# y ie ld  o f - th e  le s s  
so lub le  -quinidine d iaste rd o iso m eric  s a lt*
■ ' th e  f i l t r a t e ,  from th e  f i r s t  c r y s ta l l i s a t io n  of th e  , 
.fUiniiiiie.. s a l t  w m  eoneeatrm t ed by d i s t i l l i n g  o f f  about &’
: l i t r e , o f : '.acetone*  ^m i ,  coo led , .' th e  c ry s ta ls ' deposited, w e re . 
added to  the,.m other liquor*. o f  the  nex t r e e r y s ta l l i s a t io n  
in  the;, normal:.way#.-•Vai'the f i l t r a t e  was ieooiaposei with.
50j5 hyd roch lo ric  a e ii*  . She lib e ra te d . hydrogen, p h th a la te  ■■ 
was. e x tra c te d  with, e ther*  ...
.., t h i s  hydrogen p h th a la te  ,(8dg#); was. i is fo lv o d  in 
e th y l  .ace ta te  (250 o *0*5 ■ m i  .the eq u iv a len t q u a n tity -o f  
s try o im in e . {194 £?) .added. p .ortienw ise, More e th y l a c e ta te . '
■ was added# ■ {500 .©*©*},. and. the ''so lution:-w as -warmed on; the  ■ 
.steam  b a th  . u n t i l  '.a ll th e  siryelim iae had d isso lved*  I t  was
■ then-coo led  and l e f t  fo r  th re e  aay s, vnet th e  s a l t :  
c r y s ta l l i s e d  out* S his was removed .and reery staX ifsed . 4 
tim es# to  ..'yield, a . s a l t  whose hydrogen p lith a la te  had
;: [&ltP -8 9 .4 °  ■ (1 * ! f ' o #5 * i n .0 8 4  * B e o ry s ta l l is a t io n  o f
■ t h i s  s a l t  gave a  crop o f c ry s ta ls  th e  hy&ro^ea phthal& te 
d e riv e d  from which, had. th e  ro ta to ry  .powers
[ a ] ^  -99*4° {1,X|. £ ,5 ,  i n  0% ) .the. same withiii. th e  l im i ts  
o f  experim enta l error*,
Weight o f .f i f th  crop*1' " 31 g*
Weight o f o th e r  crops 'i s o la te d  from "the mother-"; ■ ■ 
liq u o rs# 'a n d  e s tim a te d 'to  he s u b s ta n t ia l ly  o p t ic a l ly - '
pu re r. ' ' 8 5  g .  ' f
. I n is  i s  eq u iv a len t to  a  -’SO^  y ie ld  w ith  r e s p e c t  .ie\- -; 
the' hydrogen p h t i a a i e  taken  to  Com' 'the s tryelm lne-salt« .: .
lecom i)osltion ' 'of ■ the-'alk& laidil s a l t s * ' • ■ -
.S e v e ra l;o f - th e  crops o f ’"the two B a lts  -were t - r o i  
■tod decomposed iiid ep to d eh tly i'.’, tx to p ie e 1 a re  g iven f o r  lo th *
Q m iu iiin tr  ’’SShe aa ltV (50 g*) was .d issolved in  th e  minimum 
q u an tity  o f  acetone.# a n t e th e r  ;{B50 '©*©■*) was-aided* ‘.D ilu te  
hy d roch lo ric  a c id , (v /v ) was aided m t i l t h e  aqueous la y e r  
was a o id 'to c o n g o  red#-and th e  two le y  ere  were separated*  ■
■ f h t  e th e re a l  la y e r  «as thoroughly;'washed w ith -w ater|. mid 
d ried  w ith ca lc  i n i  ch lo ride*  ■: .’f l i t  e th e r  was then • removed ■ ' 
on ’ the ' steam bath*. \ 1 :
S trychnines flue salt-.:, (60 g*.}; .was. suspended ■in ether.;
{759 e*o#) and .'d ilu te  phoephorih . a o i i  (v /v ) - was added u n t i l  
th e  aqueous . la y e r  was ac id  to", conge red  * .' ■ Mere w ater; had to  
he; added- to  keep th e  s t ry c to in e ;.phesplmte i n  e o la tio n * ■ then, 
.a l l 'th e  etrych iiine  had. . t i s s c lv e f . th e  aqueous la y e r  was, rum 
o ff#  and th e  e th e re a l  la y e r  was washed .with w ater# d ried  
w ith calcium  ch lo ride#  and the ' e th e r  removed cm th e .s team  
bath*
4. ty p ic a l  ■ -example; was as follow © !. 
fiie hydrogen p k th a la te  f r o m  o n e  of th e  .mbovt- . 
tm  m iaetd - in  a  1 on^-neeked# round-bottom ed. f la s k
along.-with so liim  hydroxide (excess# 20 water# ' I
was. s te m  d i s t i l l e d * and th e  d i s t i l l a t e  w&wm
ftxtuno&el with ether#  th e  e x tr a c t ,d r ie d  w ith  p o ta .............
c a rb o n a te . end th e  so lv en t removed; on ,ib# ; ©tea® ba th  * ., f  li 
re s id u a l,'o il was, d is t i l l e d *  . .
e*o
i f  a o . t i v e  X - f 1
50 g# o f the quinic 
:. r d 5°1 .5 l8 0 .n
1 i ,• t ■ > ■ ■■'-,
60  g . of th e
. ; l ' o k C
■ ' ' n£' 1*5170*
ins sa ltj  10,16 g . ( f l f S )  »;t>,p.98- 9* /
0*;©. ‘.’ a ,  ' ’ '• '' q- ■ =*29*06 (1*1«homogeneous)*,
ns sa lts  10,64 6.(76/,} b .p .93° / 1«,_i v .si*
o£y -23 * 50 {1 * 1 * homogen eons) .  , . ,
B'
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Although aver a teulred yearn toire elapsed since  
WiXll®m$on reported his. synthesis of ethers* (£*0 *■§,*# 1852*
4* 229) no o th e r general m m m  f o r  the p re p a ra tio n  of 
e th e rs  from optically  act lire o&rhlnole has heem ady aaoad.* '• ■
His method i s  mot ideal* howor m f because th e  f i r s t  step  
imyolvce the  reaction between am a lk a l i  metal, ami . a. e-arMmed* 
Shis process often does m i  go to completion I f  e^mlsoleooler 
q u an titie s : o f th e  two reagents a re  used ■** aad th is  means th a t  ] 
a low y ie ld  of th e  optica lly  active ether i s  obtained,. ij
Also * i t  i s  p o ss ib le  th a t  am alcohol. might raeemise mtm
■
reacting with am a lk a li metal,.' - -
A a e r ie s  o f  normal a l ip h a t ic  &% e ra  o f  (0»<MM?taneX
were p rsp a red , maimg th e  Williamson synthesis* by Eamyom ami 
T,cMcol# { f , a , s » t '1323* U )»  Sealisiag the p o ssib ility
of partial raeemisatioa during tit a synthesis* t^e/ allowed 
a quantity o f the £+)~p-osteaeX to react with h a lf the . 
ecrairalent amount of potassium* in  bensene* sat t  recovered 
the oarhinol by hydrolysis of the alkoxide, She- homogeneous ■ 
carbinol bad, before the reaction, with potassium*
' o | |^  > l f ,40^ .and#, after t^ ir o ly s is , *19*3$® (1,2)*
: y tSim ilar experimenta by P h illip s  ;i 1523* 2S)#
on (**)~ben2yl~methyI~carbi&Qlf and by Itm jm  ©ad Bamea, (#*0*S.
j§  . . ' ............ '....... . ... ■........
1924 y 1397)*/' on (+)-2^nonaaolf gave .n eg lig ib le  reduction 
in. r  0  ta to ry  power *' ■ ’ ,• I t , was th e re fo re  assume#. th a t  • no .
raoemiamtXoa fool: - p lace  during, fee. MXXiamsen 'syn thesis*
,> • ■
.v ■ ■-. :®wm- tw enty  y ea rs  la te r* ..: Eomrfeoh an# Kuhn* {Eely. * 
194i*’ 2§» ■1488)^- s ta te #  .fe a i-^ a  p ro iis iiia ry , exam ination had 
shown th a t  fe e  d is so lu tio n  :©£. sodium I n  (+}"*P-hutanol : 
produce# raosm isation*.4*' b u t fair# m  e x p e rta e n ta l d e ta i l s .
■'■;■'■■ Experiments ■ were, th e re fo re  c a r r ie d  ou t by Boo J i t /
■ 40
.CHeXy*«-:X947».' 3.0« 1142)* '... in  order-to te s t  this- 
finding#-' i%ey considered feat -reaction with ~.o#xum might 
affect fee rotatory power o f a 'earhlnoX* even, iho^gh reaction, 
wife potassium might not* Sodium Cl g*} was. dissolved in
s l ig h t ly  more than; one equ ivalen t, o f  ( - ) -p -o a ta n o lj  .in, h o t ■ 
hensene^ and th e  r e s u l ta n t  slfcoxl&e hydrolysed* She 
homogeneous oarbiiiol. Im if; b efo re  re a c tio n  w ife  sodium* ■
5^8.93 '^ * ^  and after# * 5$$$ -%U7Q? .
: ■ 4  s im ila r ' experim ent in  e ther*  w ife  sodium s a i  
( - )  ^ S -bu taao l a lso  showed a  n e g l ig ib le  re d u c tio n  in  ro ta to ry  
power o f fee  carb ine!*  ■.' ... :
v - ■ fh is  evidence clearly  toes not subsfentxate tomefseh 
and/Eubafe Statement*
Interest in  M i  subject of fixe possible raecmisation 
n f  alcohols* on reaction with a lk a li metals mm . rekindled
. i l
'mhm liie im c and '.FeXlion :{Qomptes ■rehlas* 19541 tBS,# X4?9) ’ 
stated that diphenyl carbinels* sue!l as henshydrol and 
fluerenel* react. M th an ezctoa of'ioiinm  in'ether* to gi.ro 
eolourM liso iium  derivatives*. . ' , ■
' th^aioa ♦ aia  v - m  ^ o m d :'*r&£ ' '
4Sm
ffo experim ental d e ta i l s  wore g iven .
• ' " '' v ’■ ;-4t'■ ;
■ fo o s ie r*  (X*a*0*2U* 1928* 50« X39$)$ h®;d a lread y
shown that th is m etallic complex could h© oht^aned by the
action of potaosamida (in. liquid  ammonia), m. hfi^hytrol* 
E tienne .and f e l l lo n  commented th at,th eir  derivatives were 
similar to the di .sodium derivative© *hx~h can he obtained 
from a primary alcohol. such as'bensyl alcohol. However* 
a careful search of the litera tu re  has net revealed an 
instance- of the eompeu&d Xh.CHTa.Olfa taring been prepared 
by allowing- benisyX. alcohol to react with solium* or ©oiami.it*
I f  i t  he true, that bexiEyl alcohol reacts with two 
equivalents of sodium* then op tica lly  active alkyl^suhsfituted  
beassyX alcohols e .g .  (:^)-l^henyl^ethanolf would .undergo
racemisatioii under such -conditions* , iin ce i t  mm proposed
to prepare the bensyl ether o f op tica lly  act!we i~ph.©ayl- 
.ethanol for use in  the in vestiga tion .o f the rearraagment 
of ethers* i t  was obviously Important to establish i f  any 
racemisation took place during the .preparation*
to  a ttem pt was to t r e io r s  mad# to  e a s f im  the  f in d in g s
o f  E tienne aad ..ffXiiOB m t h sM h y iro l^  s i  th e  coloured
■iipotaseitM. ie r iy a t i? #  was prepared*
o f m ethyl io d id e , imi. working mf,
a n  :# i l ;'wae' w . i i c h  had the same h o il ln g  p o in t a# th e
a e ti /X  e th e r ,  p repared  hy allow ing
Xfl~iiphenyX e thano l to  r e a c t  w ith  methanol i n  the  presence
o f  .a tr&ee'e'f smlphmrie a c id , (Z ie g le r  end 8eha@XX# Aammlm,
43 ' '
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Shis may Ve ‘considered  m- confirm ation  o f  the
existence o f iip otaasim  he&sdydroX,*
/ fh #  re a c t io n  o f  a lk a l i  m tta l#  w ith  s u b s t i tu te d
bmmfl alcohols mm' therefor® iuY@stigate&. hy the following 
" se r ie s  of experiments# /  ,
(1) (t)^ i^P tehjX *#thai4#l was heated  t o  ejolohe:cane w ith  
an axeess  o f potassium* t o  d to o m p ts itio s  o f  th e  aXkoxiiSj, 
the earhiBoX. was recoveredf hut la  only 44$ yield# ■-
( 2 }  '. S im ila rly  ,. ( ^ i-p h o a y l^ e th a a o l, reso ltred  ■ h y . th # • •
method o f tow nsr and JCssyon,. {£•0*3**.1939# .1156) r  ^ was . - 
h eated  t o  eyelehexeae. with, excess, o f  potassinm * . . f h # 'aU cali
m etal d id  .met. com plete ly .d iistlir#* . ■' § trw orking up*. th e  ; 
.earfci&el was recovered  w ith  h u t s l ig h t ly  dim lnishsd  ro ta to ry
power,, .although : ia  'only. 17$ 'y ie ld#  ■ ■ -. : ' > .■- -
■ ' ‘ 20®  ■ othe. homo gerteeus oar’b ia o l ' h a t ,  b e fo re  r  fa c tio n  * -a. -£U 13 ' } ■
' '' ' ' " ■ 1 ' ‘ ■ ' 25 20® 0)y t
■; ' . / . ■ a n d , a f t e r  the  re a c t io n * . c^. ■ —21*10 I
■ ’’ ‘;;’C3)''’ C iJ^^hem yi-tthazM il and two, eq u iv a len ts  of
l iq u id  sodium ** potassium  a llo y  w ere .kep t 'to g e th e r  f u r  $2 to u r s  I 
a t  20° , h u t only 50$ ©f : the  earfctooA/was recovered on w o r k in g  
up# ? A q u an tity  o f  ethyl, fcemseme wan obtained*-. however* ■ '!
eq u iv a len t to  15$ o f the' earM nel.- Also.* the. ’p resence  of j
acetophenone m m  d e tec ted  in. th e  re a c tio n , products.* ■. ■ • • j
' 1• . ;
(4) ' £+)-l~phe^l~© tham Q lt a f t e r  toim g allow©! to  ■ 
r e a c t  with, only  © i  eq u iv a len t o f  l iq u id  aodium-^potassira j
a l lo y ,  was. re co v e red . i n  90$ yield#-
(51 (^J-l-pheuy l^eld iaao i* .:a f t e r  s tan d in g  w ith ' two
e q u iv a len ts  o f l iq u id  ©ediumrpotussiwsi a llo y *  m m  recovered  
w ith, only s l ig h t ly r e d u c e d  r o ta to ry  power#. Before:' th e  -
r e a c t io n ,  th e  pur© ea rh in o l had.&r* ~42>?3 * and a f t e r  th e
20® 0re a c t io n  -41 .69  (1 ,1 ) .  However, th e  a lcoho l was -'
recovered  in  only 50$ y ie ld *  " ' ’ : \ . .
fwo genera l observ a tio n s eaa .be  t r a m  t m m  th e se  - 
f i v e . experim ental *■
:X*/; ' 'legXigi^Xt in. r ^ ta to r ^  power1 .was observe!,
whea' s& ■ o p t ic a l ly  a c t iv e * subs t l tu b e d  bm m fl. a lcoho l was 
allowed to  re a c t"w ith  allcalX .m atata*\
..;. 2#/. ;M.ttl,©;"elienieaX decom position o f X^henyl~propaiiaX 
as our a wien i t  is 'a l lo w e d  to  m m t ' w ith  eas ’ O ipiiv^ieat o f  
a lk a l i  m etal* ... However *'whm allowed to  r e a c t 'w i th  tiro 
eq u iv a len ts  o f  alk ali m etal * th e  ea rM no l i s  ex ten siv e ly  
decomposed*- to  e t h y l a e e t o p h e n o n e *  m i  o th e r  
m i i s n t i f i e i .  p ro tects#-
■' ■ fh im suggests.' t h a t ;th e  re a c tio n  proceeds 'in' tw o\
s tag es  * . f i r s t  t h e 'a lk o x ite  i s  fo rm ed t.
O H  P h  O  -  Nta
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second* ' subsiibm iio ii ; e f ■ th e  hydrogen' atom a tta ch e d  to  th e  
oarton  atom tak es  f l a o t i  '
' f i l ls  tlsod ium  ieriTfmilTe p ro b ab ly . r e a c ts  w ith  o th e r 
m a te r ia ls  p re se n t im :the  re a c t io n  mixture t o ’give r i s e ' t o  
compounds such as aeotophemome'and ethy l' bensOn#*'' ’ r’ -
therefore* as long' as- 1&$ncarbinol'&oo$ met react' 
with siore than'one atom o f'a lk a li m etal|’ m  diminution 'in  ■ 
rotatory 'power o f . the 'resulting other i s  to he expeeied ; 
i n  f l i t ' f i l i iu sa o m  sy n th e s is  * ;
fhe prepm ratioa #f th e  benzyl ether of e p tie iA iy : 
pure l - p h e ^ l^ p r a p a n - l ^ t l ' warn tk a re fo re  ’ mdsriakem-' in
confidence th a t  a  t o l l y  m tir&  e th e r  would r e s u l t  * However*
in. e a r ly  experim ents, disaeXutlom o f  '.the sodium to  a  so lu tio n
o f th e  (1 ) oarM noI in  to lu en e  was s lu g g is h , 'm l  y ie ld s  o f 
mot more than  §%S o f th e  e th e r  could he obtained# I n  
o rd er f o In c rease  th i s  y ie ld *  th e  toluene was o m itte t  u n til 
th e  l a t e r  s ta g e s  o f - th e  re ac tio n *  and th e  carbine!. mm heated  
w ith  excess o f  sodium alone* a t  shout %5$® f o r  th re e  h o u rs , 
m a t i l ’fhe m ix ture formed a ' th ic k  paste*; By t h i s  means y ie ld s  
o f  e th e r  m o u n tin g  to  about 80^ wore obtained* ' f t  t r a c e  
of h tm sy l#rl* h e a s y lr  l*phemyl*^ropam*X-yl f : e th e r  was fo u n t 
in .-the p ro d u c t, as would r e s u l t  from . th e  reac tions. - -
Pb H Ph Mq Ph C H j’b
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O p tic a lly  p u r e ' curb t o o l  (%+ ‘ +23 #06, 1 ,1 )  to lu en e  was
m  a  d ilu e n t f " ami. the  ro ts
■■■' . ■  ' 2 ^ 0  o  ... ..............................................
a  . +75*00 £X*X)*' l a  a second p.
f t  SS^
to lu e n e .
the  a lo o io l  o f ro ta to ry  power 6, +23.24 * wuo
fo r an hour a t  about 110 * before- a d d itio n  o f 
e th e r  so prepared  bad ojj +61*33 (1 ,1 ) * 
b u t was ob tained  i a  only 23$ yield*- l a  a  th i rd
therefor©
described # in  which th e  to lu en e  was om itted*’ 
was h e a fe i  a t  110^ f o r  th re e  hours* Tim
2 5 °r t d i a t i l l a d  © tie r so ob ta ined  had -*35*64v (1 ,1 ) i**
SM le a s  .than th e  iralu© e x p tc ttd  (cm ~73*00 ) • r ot ever* 
a fO|l y ie ld  o f  e th e r  was ob ta ine i*  I t  was b e liev ed  th a t  
tills ' d im inution In  ro ta to ry  power m i^ it  be due to  i i ta t ia g  
th e  neat alcohol w ith  solium f o r  a  lin g e r  period .
fa  t e s t  t h i s  su p p o s itio n , (*•)-X~phemyl~pr ©panel
was heated* under n itro g e n , w ith sodium, f o r  ewer 20 hoars
b ■ O' ; . ■ ; ’ ■
a t  160 and t h i  p roduct hydrolysed* fit© o r ig in a l  c a rb i^ o l
250 " .q  ■ '■ ' -. ■ ■ •- ' —
m -**28*76 (1 ,1 ) which, a f t e r  th e  reaction*, had '
8*26 . £1,1) |  ©c|uiyalcnt to  about ,9§fS 
However* only  about tO fl'o f t h e ' ia r l i in o i  -races
v.fke s u b s t i tu t io n  o f t  e hydrogen atom o f  th e  h j t r o ^ r l  
group by the  m etal atom probably proeeeSed l a  alm ost 
t a t iv e  y ie ld ,  si&oe th e  .p roportion  o f alkoxii©  pre-seat must
womlf :have been expeoted' to re&ei with the exeess of ita^yl 
ih lo r ite  added., to .give a. raoamio' produet«., a s s o r t in g  to  the
However, moss of tae 
prop&a~X*yl e th e r  eeuld  %# detested#
; .fhs author i s  not able to propose any mmttm.
mechanism.which would adequately e^Xaiu th is  .partial, 
raeemiaatioa o f the other. .
i t  at le a s t  .as high a# the proportion of ether rootVeped* 
Had, any .o f , th e  r t s o i i m  d e r iv a tiv e  t t r a  p re se n t t ; i t
f  o m n ia  t
P h C r t^ C l
c HzPb
\  /
.■ .a
O -  CH^ Pb
ssesioif
.1 2 2 *.
ftie r e a c t io n  o f .henshydrol "with pefassiiim* .
J o t a s s im ,  (0>8X g 4)  was w o lfe d  
f l a s k  - c o n t a i n i n g  ^ © l o h e x a n e  /{ e n u io  c * c * )  $ fe o u s liy d ro l  
(1*88 gV) was MdM* .an t : th e -m ^  wore hosted  .tmder r e f lu x  
i& ■& stressi' Of .nitrogen*; A fter'3 hours''the' re la tion  ' : ,
tu rned  re d  dad*-on cooling-*. & re d  p a l p i t a t e  w as'fo im si* 
After Biz tourst'heating*' ~ou 71 iodide* :{£ ©*©*} was 
added to the m ix ia re  which was a llow ed ; t o : s ta a d  h a l f
aa  torn**.' sad them shaken w ith  (10 o*a»)
and w ater (10 ..\:fhe^oyelohea:asae<la^'er was ramwsd#-
i r i e i  with p o ta s s i®  © intonate* m d  d i s t i l l e d * /
0
■ ®iere was ob tained  a c o lo u rle ss  o i l ,  b*p* 140 /pgBim 
43 ■ ■21e g le r  and Sahas!!'''. quoted for- 1 tX ~dipaer^l~eth3? 1 , 
m ethyl o thers h#p« 140 r£1* h u t m  o th e r  p lije io a l
co n stan ts  *■
•ethanol sad 'potaesiu®
".. fotassim m  :(0*f0 ,g*)- was weighed in to  s'smsXX' '
' f la s k  o o b ta in in g " cy c Joliexaao *. ■ (10 o * o' *) s i i i ' l~phenyi~ 
ethanol- (1 *25 ".&*) was aided* s th e  .mijrlure was heated  
under -reflux- in  a/; stream  o f .E i.tr tf  tn  f o r  ahomt 15 hours * 
during-w hich tim e. &; w hite p r e c ip i ta te  was formed* 
K ethsaol,- (10 cue#) was follow ed k f  water-f an i th e
m ix ture was e x tra c te d  w ith  o th e r  * ' th e  e x tra c t  d rie d  w ith  
potassium  -oarhpnato* m i  d is t i l le d *  1 -p h e f ijl-e th a a o l,
0(9*4 £*)■* h*p* ;9S"/j j  ^  was reeoYered*
flaa re a c tio n  between, and 'po tassium *
■ ■ '■. fhe a^erim'eat' was'.'carried’ out; at .heforsf .
except' t h a t - 0 ,3  §* o f  potassium  ami 1*22 g* of
■ethanol were used*.' ; fh e  potassium  did n o t a s m f l t t i lF
d isso lve*  '0*7 E* 'o f  th e 'o a r t in o l .  was rsooTsrsi*.
Boforo ' the :a?oaotion.| : ) . . ' . . . , ■j m :0 for the 0&rMneX*(l*X)
I f  t a r  th e  r e a c t io n ,  cfju -21*10 } _ ..1
fhe re a c tio n  between C t)^ l-pheny l^athano i ami'aoiitaii*
(2 ..e^uiTsl^tS}.#
S o iiW i (g*00 g .)  and potassium* (.5*40 g*) 
wars melted. to g e th e r  to  f o r a ’a  Xitpaid a llo y  * ■ and 5 cycle-*- ' 
hexane* {10 #*c*)  ^waa aM ai*  ,vl^ph^iyX*-ethanoX. {14.00 gV) 
wag added^ a a i  tha  m ixture was l e f t  f o r  f2  hour.® a t  room 
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